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The NASA STI Program ... in Profile 


Since its founding, NASA has been dedicated to ensuring U.S. leadership in aeronautics 
and space science. The NASA Scientific and Technical Information (STI) Program plays 
an important part in helping NASA maintain its leadership role. 

The NASA STI Program provides access to the NASA STI Database, the largest collection 
of aeronautical and space science STI in the world. The Program is also NASA’s institutional 
mechanism for disseminating the results of its research and development activities. 

A number of specialized services help round out the Program’s diverse offerings, including 
creating custom thesauri, translating material to or from 34 foreign languages, building 
customized databases, organizing and publishing research results. 

For more information about the NASA STI Program, you can: 

o Phone the NASA Access Help Desk at (301) 621-0390 

• Fax your question to NASA Access Help Desk at (301) 621-0134 

• Send us your question via the Internet to help@sti.nasa.gov 

• Write to: 

NASA Access Help Desk 
NASA Center for AeroSpace Information 
800 Elkridge Landing Road 
Linthicum Heights, MD 21090-2934 
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APPLIED INFORMATIONS SYSTEMS 
RESEARCH WORKSHOP 

PREFACE 


The first Applied Information Systems Research Program (AISRP) Workshop provided the 
impetus for several groups involved in information systems to review current activities. 
Investigators representing fifteen of the twenty-two Office of Space Science and 
Applications (OSSA)/Information Systems Branch (ISB) NASA Research Announcement 
awards were in attendance. Attendees also included representatives from the Science and 
Technology divisions of NASA, directors of NASA's Centers of Excellence, specific 
research institutes, and members of the academic and remote sensing arena. 

The objectives of the workshop are outlined: = 

• To provide an open forum for interaction and discussion of information systems 
research activities. 


• To promote understanding by initiating a dialogue with the intended benefactors of 
the program, the scientific user community, and discuss options for improving their 
support. 

• Create an advocacy in having science users and investigators of the program meet 
together and establish the basis for direction and growth. 

• Support the future of the program by building collaborations and interaction to 
encourage an investigator working group approach for conducting the program. 
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APPLIED INFORMATIONS SYSTEMS 
RESEARCH WORKSHOP 

SYNOPSIS 


The workshop proceeded according to the agenda provide herein, (see Appendix, 
attachment A). The first day was given to programmatic presentations. 

Joseph Bredekamp/NASA HQ, ISB, provided the overall context for the program. 
Representatives of OSSA Science Disciplines and of the Office of Aeronautics, Exploration 
and Technology reviewed current as well as planned data and information systems 
activities. Presentations were also made on the Center of Excellence in Space Data and 
Information Sciences (CESDIS) and the Center for Aerospace and Space Information 
Sciences (CAS IS). These Centers work to encourage collaborations between government, 
academia, and industry. 

Following this, presentations were made by the participating principal investigators of the 
Applied Information Systems Research Program. In attendance to these presentations were 
scientists, software developers, program managers, technologists and computer systems 
personnel. This diversity of audience allowed for evaluation of the broad issues regarding 
use, development, and maintenance in information systems. 

Presentations topics included visualization and associated analysis, data management 
including distributed databases, and software tools for modeling. Several presentations 
highlighted remote sensing, software development, and high performance computing. 
Many of the activities reported on are based on existing and commercial products, but all 
included advances in the field. 

The final day of the workshop was devoted to discussions centered toward three key 
topics; technology transfer options, technical issues and future interaction. 

Technology Transfer Potions 

This discussion yielded three different directions for information diffusion, specifically 
across disciplines within OSSA, from OAET to OSSA, and across the broader science 
community. Issues and options for each direction area differed. 

Across disciplines within OSSA, consensus was made that the at-large science 
community needs to be made aware of the tools and techniques under development for 
the Applied Information Systems Research program. Several attendees suggested that 
the transfer activity be made a formal, explicit part of the program. Some encouraged 
OSSA to provide the infrastructure to support and disseminate results. Others suggested 
that the technology transfer responsibility for results be made pan of the NRA award. 



OSSAtoOAET 

Workshop attendees agreed that a closer interaction between the two organizations was 
needed, but the mechanism was unclear. Attendees agreed that OSSA should be the 
'implementing' code. 

Broader Science Community 

All agreed that outreach is important There was also agreement that many options are 
already available, and need to be fully uti liz ed. The group considered several other 
options. It was suggested that the Computer Software Management Information Center 
(COSMIC) at the University of Georgia be considered a candidate for functioning as the 
software distribution mechanism for the agency 

Discussions of technical issues emphasized a variety of interchange issues. Further 
discussion of these topics and development of additional topics, was delegated to future 
splinter group discussions. Overall, the discussion emphasized the need to consider user 
requirements, both current and future, during the tool development 



APPLIED INFORMATIONS SYSTEMS 
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FOLLOW-ON ACTIONS 


Two near-term actions were identified. The first is to poll investigators to identify current 
computing platforms being used, preferred mode of operation, etc. The second action is to 
establish a set of test dataset suites, to help compare and evaluate effectiveness of various 
software tools. 

Since this was the first meeting of the Applied Information Systems Research activity, 
many of the continuing logistics aspects were discussed as well. The preferred format 
seemed to be an annual meeting, with 'splinter group' sessions for specific topics or 
subsets of the group to be included at the same meeting. As additional topics warrant, 
interim 'mini workshops' should be convened as well. 

Future meetings will continue to include both the science and project communities, as well 
as investigators in the program. Future meeting sites will continue to require infrastructure 
for demonstrations of tools (workstations, network access, etc.) In the interim, a network 
bulletin board will be established for rapid and timely communications. 
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APPLIED INFORMATION SYSTEMS RESEARCH WORKSHOP 

JULY 22-24, 1991 

BOULDERADO HOTEL 

Boulder, Colorado 


AGENDA 


MONDAY. JULY 22,1991 


11:30 a.m. 
1:00 p.m. 

1:15 p.m. 
2:00 p.m. 


4:00 p.m. 
4:20 p.m. 
4:40 p.m. 


5:00 p.m. 


Registration 

Welcome and Logistics Elaine Hansen 

Program Overview Joe Bredekamp 

Office of Space Science and Applications 
Data Environment and Future Plans 

-Earth Observing System Data Martin Ruzek 

and Information System 

-Planetary Data System Randy Davis 

-Astrophysics Data Systems Alice Bertini 

Office of Aeronautics, Exploration and Paul Hunter 

Technology Information Systems Program 

Center of Excellence in S pace Data and Ray Miller 

Information Sciences (CESDIS) 

Center for Aerospace and Space Mike Flynn 

Information Sciences (CASIS) 

Adjourn 
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APPLIED INFORMATION SYSTEMS RESEARCH WORKSHOP 

JULY 22-24, 1991 

BOULDERADO HOTEL 

Boulder, Colorado 


AGENDA 


TUESDAY. JU LY 23. 1991 


8:30 a.m. 

12:00 p.m. 

\ 

1:00 p.m. 
5:30 p.m. 


Principal Investigator Presentations 
Lunch 

Principal Investigator Presentations 

Reception at the National Center for 
Atmospheric Research 


WEDNESDAY. JULY 24. 1991 

8:30 a.m. Flight Project Office Information 

Systems Testbed (FIST) 

8:50 a.m. Intelligent Data Management 

9:15 a.m. Open Discussion 


Patricia Liggett 


Bill Campbell 


•Where we go from here to work together 
on p rogr a m: potential collaborations, 
subgroups, future workshops, etc. 


-Technology Transfer and Infusion 


12:00 p.m. Adjourn 
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P.L PRESENTATIONS 
(Morning Session) 


Experiment's Laboratory for Visualized Interactive Science 


Grid Analysis and Display System (GRADS): 

A Practical Tool for Earth Science Visualization 

A Distributed System for Visualizing and Analyzing 
Multivariate and Multidisciplinary Data 

Advanced Data Visualization and Sensor Fusion: 
Conversion of Techniques from Medical Imaging 
to Earth Science 

Development of an Expen Data Reduction Assistant 


System of Experts for Intelligent Data Management 
(SEED AM) 


Construction of an Advanced Software Tool for Planetary 
Atmospheric Modeling 

Knowledge-based Assistance for Science and Analysis 
Using Large Distributed Databases 

Multi-Layer Holographic Bifurcative Neural Network 
Systems for Real-Time Adaptive EOS Data Analysis 


Ms. E. Hansen 
Univ. of Colorado 

Dr. J. Kinter 
Univ. of Maryland 

Dr. A. Jacobson 
JPL 

Dr. R. Savage 
Hughes 


Dr. G. MiHer 
STSCI 

Dr. D. Goodenough 
Canada Centre for 
Remote Sensing 

Dr. R. KeUer 
NASA/ARC 

Mr. T. Handley, Jr. 
JPL 

Dr. Hua-Kuang Liu 
JPL 


LEGEND: 


* P.I. Presentation not given/ ** P.L not in attendence 
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P.I. PRESENTATIONS 
(Afternoon Session) 

A Distributed Analysis and Visualization System for Model Mr. M. Arrott 
and Observational Data U niv . of Illinois 


An Interactive Environment for the Analysis of Large Earth Professor K. Bowman 
Observation and Model Data Sets Univ. of Illinois 


A Land-Surface Testbed for EOSDIS 


Dr. W. Emery 
Univ. of Colorado 


Geographical Information System for Fusion and Analysis of Mr. A. Freeman 
High-Performance Remote Sensing and Ground Truth Data JPL 


Development of a Tool-Set for Simultaneous, Multi-Site Dr. Chakrabarti 

Observations of Astronomical Objects Univ. of CA/Berkeley 


SAVS: A Space Analysis and Visualization System 


Dr. E. Szuszczewicz 
Science Applications 
International Corp. 


Planetary Data Analysis and Display System: 
A Version of PC-McIADS 


Dr. S. Limaye 
Univ. of Wise., 
Madison 


Interactive Interface for NCAR Graphics Mr. R. Lackman 

National Center for 
Atmospheric Research 

The Development of Generic and Extensible Software to Mr. G. Goucher 

Support the Study of Space Science Data NASA/GSFC 

VIEWCACHE: An Incremental Database Access for Automous Assoc. Prof. 
Interoperable Databases Nick Roussopoulos 

Univ. of MD 


A Spatial Analysis and Modeling System for Environmental 
Management 

Introduction to CADET: Center for Advanced Data Evaluation 
Technology 

Topography from Shading and Stereo 


Mr. C. Vermillion 
NASA/GSGC 

Ms. Cathy Schulbach 
NASA/ARC 

Professor B. Horn 
MTT 


Multivariate Statistical Analysis Software Technologies for Mr. G. Djorgovsid 
Astrophysical Research Involving Large Data JPL 


High Performance Compression of Science Data 


Dr. J. Storer 
Brandeis Univ. 


* 
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* 
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* 

* * 
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* * 
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* * 


LEGEND: 


* P.I. Presentation not given/ ** P.I. not in attendence 
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Applied Information Systems Reserach Program 
Workshop 


Boulderado Hotel 
Boulder, Colorado 

July 22-24, 1991 

Joe Bredekamp 


Applied Information Systems Research Program 


• Objectives of Workshop 


• Office of Space Science and Applications Information 
Systems Strategy 


• Information Systems Research and Technology 
and Systems Evolution 
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Applied Information Systems Research Program 



• Exchange information on status and plans of research efforts 


• Initiate dialog with OSSA science disciplines and other related 
NASA efforts 


• Establish basis for conducting program 


• Means to facillllate communications and collaborations 

• Advocacy building 

• Technology transfer and Infusion 
- Future directions 


Office of Space Science and Applications 



• Science discipline divisions provide primary focus for discipline- 
specific data management systems that integrate project data plans 
and on-going research needs Into total research capability 

• Provide robust, multi-discipline Infrastructure 

• Architecture, policies, standards, practices, etc. to promote 
Interoperability and resource sharing 

- Access to high performance computing 

- Network services 

- Information services (directories, catalogues, etc.) 


• Apply and exploit advances In technology to evolve and enhance 
systems capabilities 
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THE EARTH OBSERVING SYSTEM 
DATA AND INFORMATION SYSTEM 


r 


Sara J. Graves 
NASA 
CODE SED 
Washington, D.C. 
(202) 453-1103 
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The Earth Observing System Data 
and Information System (EOSDI$) 

Applied IntormaUon System* Basearch Woikihop 
Boulder, Colorado 


Sara I. Craves 
Jalf 2124, 1991 
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EOSDIS is a pivotal part of the U.S. Global Change 
Research Program and the international effort to 
understand how the Earth functions as a complete 
system 

Earth system science objectives require a data and 
information system that will 

Encourage multidisciplinary and interdisciplinary 
investigations 

Combine data from the EOS platforms with dutu 
from other agencies and nations (other satellites, 
aircraft, in situ operational and experimental data* 

Integrate EOS information with models of 
environmental processes and global cliange 


Major System Drivers of liOSDIS 


Mission life 15+ years 

International partners Japan. European Space Agency 

(ESA I, and Canada 

Interdisciplinary research Climate, hydrologic system. 

biogeochemislry 

Multidisciplinary research Land, oceans, atmosphere 

Multiple instruments MODIS, HIRIS, ITIR. SAFIRE .... 

Multiple platforms EOS A. EOS B. EPOP M. JPOP. EPOI' N 

Distributed system architecture CSFC. EDO, LallC. JPL. ASF. MSEC. 

NS| DC. investigator sites 

Large number of users >500 AO scientists and thousands 

of users 


Massive data volume 50,000 Tbytes 

Massive data processing As much as 60 Mbps input, 500 Mbps 

output 


Metadata 



Comprehensive directory, catnlogs, 
Inventories, and browse products 
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EOSDIS Major Functions 


Mission planning, scheduling, and control 
Instrument planning, scheduling, and control 

Effective resource management 
Communications 

Computational facilities at Investigator sites to 
support research 

Production of standard data products 

Production of special data products 

Archiving and distribution of data and research 
results 
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► EOSDIS Strategy 
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NASA a 

EOSDIS Research Users 


Woik with the mats to meat that! needs 

Make data easily accessible tot teseaich use is 

Begin development Immediately 

Use lessons learned horn current eliorti 

Build on existing infrastructure 

Utilize open, distributed architecture 

Evolve with advances In technology and Earth science 


Research users must abide by the stipulations outlined in u 
“Research Agreement" 

Publish in the open literature results of research based 
in whole or in part on data obtained from EOS 

Make available to the research community the derived 
datBj algorithms, and models at time of acceptance for 
publication 

Data used only for the researchers bona fide research 
purposes 

Data may be copied and shared among other researchers 
provided that they are covered by a Research Agreement 
or the researcher who obtained the data is willing to 
take responsibility for compliance 
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NASA 

Early B OSIUS Objectives 

Provide increased utility to scientists 
Improve access to existing data sets 
Produce new research-quality geophysical 
products 

Provide better metadata/data services 
Maintain existing services 
Build EOSDIS infrastructure/unifying capabilities 

Build working relationship between DAACa, 
Project, and users 

Implement first communications links, standards, 
etc. 

Prototype/test/evaluate DIS elements and standards 
Produce results to guide continuing development 
/\ Adopt Earth system science vs. "Earth sciences" view 


► EOSDIS Design Implications 


EOSDIS U one system even though distributed 

DAACs me the institutionalization ol EOSDIS 

Each new step should advance us tow aids the Integrated EOSDIS 

The EOSDIS users axe the researchers, not the general public 

Results ax well as data must be archived 

System must be evolvable to survive 

Meeting user needs must be paramount 

Respond to DAAC User Working Group 

The payot# ts In Improved eUldency /effective ness of the teseaich 
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COSDIS DAACs 



► Why Is EOSDIS a Distributed System? 


Ricognius ths distributed nature of faith science community 
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Recognizes Ihe existing distribution of ousts and capabilities 

Provides loi diversity of styles tn data use 

Provides for multiple prototypes 

Ensures capability to Interface with external systems 
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► What is the EOSDIS Version 0? 

Version 0 Is the first manifestation of EOS that anyone will see 

Version 0 Is the working prototype of NASA's Earth science data 

system 

Version 0 is SCFs, DAACs, networks, and IMS 
Version 0 Is populated by 
Existing data 
pathfinders 

In sfu. aircraft, and Held campaign measurements 

Precursor missions 

Modeling and other research results 
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Early EOSDIS Pathfinder Haifa Sets 



For Milting dele important for global change 

Uvil 1 data to active working etorege/safe archive 

Scientists (academic, agency I develop/select 
community-consensus algorithma/producta 

Generate and validate the derived product! 

Make data and product! accessible through Distributed Active 
Archive Center* (DAACs) and metudata/browse service* by 
Information Management System (IMS) 

Working with NOAA. start with four data seta 
AVHRR — SST and vegetation products 
GOES— Products TBD 
TOYS — Vertical profile products 
SSM/I — Sea ice, precipitation, etc. 
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Time scale o I Version 0 Is bom now until 

On needs require Version 1 

Oui means are adequate to implement Version I 

Transition bom Version 0 to Version 1 should leel tike a continuous 
activity 

EOSD13 Is an evolutionary system 

Hardware and software will be coming and going lorevei 
Service to the community Is preserved by being institutionalized 
Continuity o< DAACs and network 

Meet user expectations, listen to user advice, and obtain user 
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PLANETARY DATA SYSTEM 


Randy Davis 
Univ. Of Colorado 
Boulder, Co 
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An Overview of the 
Planetary Data System 


PDS 





Praaanlad at the 

ApplUd Information Syatama f?«i«arch Workshop 
by 

Randy Davla 
UnlvaraMy of Colorado 

Laboratory for Atmospheric and Spaca Physics 
22 July 199) 
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Old-Style Planetary Data Delivery 



Modern Planetary Data Access 
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PDS Project Organization 



The PDS Discipline Nodes 
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Sample Discipline Node (Atmospheres) 
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How Users Access the PDS 
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Planetary Researchers Work in a 
Heterogeneous Computing Environment 



Standards Being Embraced or Examined 

• Operating Systems 

• Posts 
■ Network* 

• CCSDS la l«m« try/command ayaiama lor apaca -to-ground links 

• OSI-compliant ground network a 

• Database Management Sjftlima 

• SQL lor queriea 

• Data Interchange 

• Object Description Language (ODL) lor Identllylng and describing data 

- Limited use ol CCSDS Standard Format Data Unite (SFDUs) 

- ISO 9660 CD-ROM lor Importing/exporllng large volumea ol data 

• User Interlace 

X Windows lor basic user Interface Junctions 

• Motll lor look and /esf 
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Concluding Remarks 


• Thanks lo CO-ROU, POS la moving Irom dlttrlbufd databases to 
dfstributabla databases 

- Planetary CO-ROM disks era available lor use In your work 

• The common denominator computer hardware conllguiatlon lor 
planetary science la changing; 

• From: a VAX and a VT* 100 

• To: workstations with sophisticated graphics capabilities / 

• Macs and US OOS machines may become more Important since 
good tools are available on these platforms 

• The planetary community la striving lor consistent and robust 
Information Intsrfacaa between scientists, lllght project systems, and the 
discipline archive (PDS) 

• Wa In the PDS welcome discussions on how to make your raasarch mors 
useful and available to planetary scientists 

• PDS fa a working system, with stringent quality and configuration 
control, but good new technology will always be considered 
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INTRODUCTION & ADS OVERVIEW 
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ADS PROJECT REVIEW 


Introduction & ADS Overview 
Alice Berlin! 

CASA/University of Colorado 


ADS Project Review 

Introduction 


Wtial If llH-Aslrflpiiyftlci Pali fiyiUml 

• Rssponst to Nteds Recognized by Various Studies 

COOMAC Repo rti | (1*82) and tl (1SBB| 

A f trophy* Ice Gala Operation • 'the Martin Report* (ftflf) 

Astrophysics Data Systems Study (1988) 

Information Syalema Strateglo Planning Project (1890) 

• Common Themes ol Studies 

Large Influx of Data • fO’a Gigabyte Vyr *> Terebytea/yr 
Knowledge ol Dale Holdings - What? Where) 

Access to Data and Metadata • Catalogs, Oala Products, Archives, Documentation 
Multlmlfslon Acceea with Sacurlty - Networks. On/NeerUns Accsss. Authenlkatlon 
Applicable Inlo 21" Csnlury - Flexible, Extensible, Evolvsbl# 

Science Drtvan System - Enhance or Enable Science Research e g., "Pan Chromatic* 
Studies 
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NASA Mission l)ala ViJuine 
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ADS Project Review 

Introduction 


Status fl| Systsm Now 

• Oparstlonal Systsm 

100 Registered Users 
IS Databases from • nodes 
600 Quarles I" Month 
70,000 Recorda I - Month 

• Transition from Development to Operations 

Internal Re-organlsatlon ol Prefect In Progress 
Emphasis on Operation ol Syatam 

Project Plan Based on Providing Science Services to Uaera 
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Astrophysics Data System 
Node Locations 
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TRADITIONAL ACCESS METHOD 


* Many Accounl* 

* Many OUtaianl Sollwai* Pachogai lo Ltam 

* Ho Uimi o4 lnt«Qrat^ Oata 


ADS PROJECT PLAN 
ADS ACCESS METHOD 
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ADS Pro|ect Review 

Top Level Organization Chari 



ADS Protect Review 

Overview 

S5ltnc*LOb|ecllY*i oi ADS 

• Provide Informellon on Existence end Location of Data Holdings 

• Provide Access to Oats Holdings 

• Provide Sufficient On-Line Information on Oata for Scientific Use 

• Provide Toole for Selection, Retrieval, and Manipulation ol Data 
e Provide Tools lor Information Retrieval (Textual Data Access) 

e Provide Access to Data Processing Services 
e Provide Tools for Data Processing, Visualization 
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ADS Protect Review 

Overview 

Ma|Qr_MllMtQMl_aLAB3 

e Astrophysics Data System Workshops: 1987, Report 1988 
Working Qroup Formed 198S 

e Internal Alpha Release 1 - Q2 1989 
User Interlace Prototype 

• Internal Alpha Release 2 - Q4 1989 
Distributed Dele Access Prototype 

e External Bela Release 1 - Q2 1990 
Dlslrlbulsd Data Bata Accaia via MPS 
Prototype Command Language 

e External Beta Release 2 - 01 1991 
OataBaaa Strvar 
Novice Environment 
Operational Tatting 

e Operational System Release 1 -Q2 1991 

IS Catalogs On-Line with Documentation , 

100 Registered Uaara > 
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ADS Project Review 

Overview 


• Croea Correlation of Catalog Dale 
Coordinate Conversion 
Shy Binning. Distance Teat (Starch In Cone) 
Combining Date 
Eiport Results 


• Location of Dala/Ob|ects 

Name Resolution 
Browse Data Sals 

Order Date Seta/tmmedlele Transmission 
Visualization 


e Date Processing (Examples) 

Source Detection with Custom Parameters 
Deconvolution of Images 
Spectral Fitting 
Flat Fielding 








ADS Project Review 

Overview 


Scientific B*s«(i.Sen3ilPi Imply^ralUwtl^eqwIrsminU 


• Simple User Scenario 

What sourcas art aa an In both X-ray and IR apaca obsarvallonsT 
la thara a eorralaUon ol X-ray and Ifl lUnaa lot a daaa ol objaclal 


Q#t X-ray aourcaa ovar aoma range ol paramalara. e.g., RA, DEC. Class 
0*1 IR soureas In asm* tang a ol paramalara 
Compare aourca llats 
Plot flux va flux 

e Functions 

Accaaa Ramols Databaaaa 

Convert Coordlnalaa 
Match Objacta by Poatton 
Eatract Interesting Maaauramanl Oslo 
Plot RsauKs 
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ADS Project Review 

Overview 
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e Catalog Accete Toole 
NED Interface Ql *11 
Name Resolver 02 *92 
Locate Oata on an 0b|act |P 03 *92) 02 ’94 
S 1MB AO Interface T 

e Oata Set Accete 

Data Archive Capability (P 02 *92) 04 *92 
Imege Oliptay (P 02 *93) 02 *94 
Oiaphkt Olaplay (P 02 *93) 02 *94 
Proprlatary Oata Accaaa Ql *98 
Data Analyata Toola T 

e Text Retrieval 

Dletr touted Documentation 04 ‘92 
Teel Oatabaea Indexing Schema 02 *99 
Keyword Augmentation to Indexing 03 *98 
last Retrieval Syetem 04 '98 
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ADS Project Review 

Overview 


Scientif ic Pro) act E n abled bv Func tionality ol ADS 


e On-Line Astronomical Literature and Documentation 

Scanned Literature from Astronomical Journal* 

• Oefi Archive 

Document Retrieval Technologies 

• Indexing, Retrieval 

Transmission and Viewing ol Document* 

• Display ol Graph* and Image* 

• Display ol Scanned Text la • New Function 
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& DATA SYSTEMS PROGRAMS 


Paul Hunter 
NASA/OAET 
CODER 
Washington, D.C. 
(202) 453-2704 
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COMPUTER SCIENCE PROGRAM 
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DISTRIBUTED ACCESS VIEW INTEGRATED DATABASE 
(DAVID) SYSTEM 


Due to to* diver sity ol computers. ooeraling systems, management sysiems. network proto 
cols elc NASA space scienltsts have (o learn many diltereni access methods m order lo obtain 
data E« e* ample. n NASA s Space Astrophysics Program. Astrophysics obsorratorws such as 
toe International Uluaviolat Eiptorer (IUE). Hubble Space Telescope. Gamma Ray Observatory 
(GOO) etc, generally have one or more dnla cenleis lor toe analysis and distribution ol data T he 
heterogeneity ol Mi data center s makes Aslrophysici multi mi ss ton research almost tmpossfcle 

The DAVID approach to toe heterogeneous distributed systems problem is at lour levels At * 
the lowest level. we develoo universal object type manaqamenl sysiems to provide uniform access 
to heterogeneous database, images; spreadsheet, manuscript, etc nvutagemnni systems Al the 
l«^«4 wi davnlnn tmnk* and "kir manaaement svSlems to provide uniform access lo 

.access lo 
toe lourth 


The DAVID soltware is being used on toe NSSDC Data Archive and Distribution System 
(NO ADS) as a boot end end lo (Astnbula IUE observational data 


aggregate sets ol data objects Al the third level, we develop libraries* to provide umlorm 
a local area networks o( computers containing “books', "kits". and olher data objects Al 
level, we develop consortiums ol libraries to provide access to sets ot libraries 


Technical Contact; Barry 6. Jacobs. GSFC. (301) 386 5661 
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MASA space scientists have to learn many different 
access methods in order to obtain dala/software. 
SOLUTION: 

Distributed Access View Integrated Database (DAVID) 


DAVID Concept 






DAVID Approach 

- Universal objsd typo management 

systems: database, spreadsheet. 
solt*ar« tool. inde*. image. etc 

- Aggregate Sets ol Related Objects: books 


- Libraries- Collections of holdings 

- Consortium of Libraries- Aggrsgats s«t 

of related libraries. 


IV .ferrme ri +* , 


Ai:i(iMri.f!iiiHM<fs< 

I ha *tw»a iibxi h«« ti«*wc*»»*ed w A* L^!Tj ?t i m ** «AaiMr«l 

,w ' rs 

»ml »kro«J« no* ■< r*nw««H sc.?i»<-kac Iffwor *«»J ^ ^ ^ nf««* i« aa<*|K | 

th*.«,h *h rwr if h Knnf* i"*hh •** ilwksw <c . N, *""**a * „ km1 «( imawin) d a Mk k»H •« 

-** k, - 


gaiidy i* «|«cm». 




ITtllHM'Al rONTACf: Wiltiiml Orr***. owr - l W, > Jf4 17,1 



. _ _ (fifft 

InttfligMDdaMarvgm&i 

International Ultraviolet Explorer Catalog 
Query System 
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Automatic Image Dala Encoding and Analyala 
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AUTOMATIC IMAGE DATA CODI NG AND ANALY SIS 
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SOFTWARE ENGINEERING PROGRAM 


.Includes: LaRC. GSFC, JPL, & JSC 

•Supports: RICIS 

• Program Orlvers 

-Very reliable sollware 

•Soltware productivity 

-Very large/complex sollware systems 

-Legacy systems 

-Process management 
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InliMimllon and Conltoll *HT SOt 5# 

H Compulrr Science. - NASA Initially© I#* SeMw©.© Englneeilng |NlSt| 

Machine Learning In Ihe Knowledge-Based 
Software Engineering Environment (KBSEE) 


DM Cl Ipll OH ' Any tpltNiVi ppqin«Nipq f**«roMW< IM It C0n*l*uct*d la oohf J* f'J”*''* 

*-r ntmcomn^WwOh.., fc-,-*. Wh* * T on 

I mtin .o «w>**«n<j fiASA tyi'am r.<*..*mer<e 

^;i>fml hryn pau mptiwnCM I" to**:*© dov.loometd A Knowtet^t 0m4 ®®""*** C UWVt O I 
| n,^n.*H (KQUIl >1 b«oq prtfolvprt to# too Ot»Ce ol Spat* Op*»»l*on^ WJ^Ort W 

•"*" ••<*»«• ****• ct»*l>o«w-« tot .pncectaR tonhal cMmWWtolto* cost e JJ 
to.anq Wl cast b.eed ..atoning M t^N (Map* ■ KBSCf 1 *** *° ta "" 

ntw d-vgn cnnc.pit wdUn a Payload OpetaUone Control Cotw |POCC| la undaway. 

Significance: A p«oc.m o< hum*. '"«**"• *•"** I 

prewar.* acquired i.pinil «"*"£»•* «* 

Incotpotaanq tudi a capacity w4Nn a KDSEE wJI Incite*. 9* uiaU Utdme and N aaaewanata oe me ^oacc. 

It ichadutod to# completion by toe end olINi calendar |ia. 


Technical Contact! 

W.l TfutttowiW 

Coda M* ^Automation Technology Sadtoti 
OtoanboR. MO 20111 
(301) 2MM2I 


Machine Learning Experiment 
in the KBSEE 



I 

i 


< * •"* 

The Sollwati Management Env1ionm.nl 

1h* r-ollnata Mno.qym.nl Environment (SME| It a lottwere loot desrqn.d la au.cl a manager .« 
momloiinq. nnatyfinq. and controlling an ongoing lOlIxMia pioind lh* majoi lunclioni ol lh* 
SMF mcluda Uacfcinq tollwar* pto|»cl patam.ieti. analylinq lha ditlnienc*. between lh* 
ciui.ni pta|.cl‘t development p.ll.mt and lha aipacl.d development pattern wdh.n Ihe 
application anyltontn.nl. ptadiclmq chaiaclemllct luch •• milatlonat. coll, and lelmbihly: 
aiie'.mg lha overall queMy ol lh. project t development ptoc.tr and providing nrl.tr . and 
qtitd.inre on management o# lh. toll were project I* provide Iheta lunchont me lonl 
conltitn.ifly t iarmo.1 ttaihbU development data ham lh* pt0|*cl ol lnta#*tl including 
rninpneii, a all war. Chang.*, camputai uliMiailaa. and camplattd mlla.ion.t and compel*. Ihli 
Inlotmailon I# data Iram pa«l project! and la a model ol lha 'typical* project. 

Ourinq lltcal yea# 1090. lha SMC h*t boon aitandad and Imptovad la Include lunrironaMy lot 
eip.tl attt.iment at project pioblamt and la* attending lit ability la model lh* ptt)|*cl 
environment With lh... oelontlon. In plica, lha SME h*. b.tn r.i«**ed lot u«a by tollw-ita 
manager t wllhlre lha FbgM Dynamic. OiviHon al lha OSfC Oy uliNiInq lh. SME on ongoing 
toHwni. dty.lopm.nl project* -llhln rUghl Dynamic. Iho manag.t. mill bo able to ollecllvely 
comp. it . pradicl. and anaiyia bay ptojod patamalati. fhlt taltata ol lha SME tepiotani. me 
llrtl uta el lha tool an pclual project, and win ptovkla valuable Intighi Inla lha accuracy and 
wtaluinata el lha leal, ai wall at help la etlabMh luiura taiaatch ntada lot lha SME 


Outing lha na#t year, lb# SMC wHI bo ptapatad lot f.leaio lo olh.r otganliiliont ouitida oi 
Flight Dynamic IMi planned i.i.ata will begin lo atlabNth the utaluinat. al tuch a tool In an 
• nvltonm.nl beyond Ihe on# lo# which H waa otlglnally d.tlgnad Olh.y planned tat.atCh 
include lh# development el an overall project ae.atim.nl luncllon and to begin oeamlnlng way. 
ol providing guidance la managoi* fo# aolvlng davalopmanl problem.. 

Technical Conlod: Jon Valalt. QSFC, (301) Zlt-9514 
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ESC, or Encyclopedia ol Software Components 

TASK DESCRIPTION: 

• a hypermedia software cnialOQumg and leliievlng system 

• an electronic melophoi ol an encyclopedia 

• orqnmies sollware into a dynamic, linked knowledge structure 

• muitipla access modalities 

— goal-directed searching 

— browsing with hyperlink tracing 

• distributed contents ... . 

• contents in many programming languages and ol many levels of granularity 

• contents ol many forms: code, documentation, graphics, ate. 

• Encyclopedia Construction Kit supports user contribution* and i peclaliied handbook* 

NASA NEED AND SIGNIFICANCE: 

. an Interchangeable sollwars parts technology la greatly needed 

— such a technology has Misled lor hardware lor over* century 

. reuse wli not be widespread until M Is saslef *nd cheaper lo llnd aoflwwe than lo mil* H *new 

CURRENT STATUS: 

• conceptual prototype: June 1990 

• prototype rune on color Macintosh system* 

• Activities lor 1991 

» collect feedback on Inlertaca end content* 

— update the conceptual prototype 

— engineer Insertion and rtUleval mechanisms 

— conduct preliminary Investigation el totea ol Al (artificial Intelligence! 

Technical contact: Dr. Brian Beckman, JPt, (It*) 3S4-I2SI 
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SPACEFLIGHT OPTICAL DISK RECORDER 

l f*t i.iin, In jit r.ip/K*ly d nil tlotaifm hu boon kMnblind as an enabhnq tapnfcuMy to* Uu»l R ASA 
mi', moos mk nti'^y.ibofl. cyosl.itKH* i»y. nod plarwrt.vy •»pkM.M*on In the 1 990 a and bay end fh* 

i>phr.i» iv.k (loronki (SOIMI) program has bean aslairktMd lo develop component and 
to I*«d on tewuO'.tMrs optmrW <*'* technology. wtJch lorm |he basis kw Ngh performance. mass 
Mor-Hl** I lime flie II w Art |*chnt4oqy dovetopmerd wees: 14 Inch magneto op*c midi; 

mom -looinie ikmlo l.vioi array*; and a mulli bark eleclio optic head nssemtfy. feasito*Wy was demonsttated 

Ml i<M*»l ll w fY OOqnalolf1oinonyti.Hionolk4fMfyN|i»c*i*cof<#nghnibeen»cN«ved VV<4 Ia« data it 

shown *n litea polarlred mlaostope phoki ol lha *maifcs* on lha metka. This represents 133 megabd/second 
d.sla l.ansler rata and Nva g^abyla |4XI0'« toil) capacity on one ask surface *»cee<Jng lh* rate and cap»c<y 
ol any othri known risk data storage device. 

A|«j dufkvj tf* past ye*. a new User structure »« developed which enables more tinder* (generaimg 
lest heat I. Pm if longer ti*mJ rlo vices, Sample* have bean dokveied and are under test #* LallC. A nine 
rtentn.a I.ism line e. tended 1000 hour* ol burn in (at David Samoa Research Center) Glat* tubsirate meda 
tiave l.oen prorfciceii ami undergone oovwoomn*** testing Media pedorm.vrce opkmrtahon k» harsh 
rmirunmenls It proceed.** Ihb technology b d-ecBy banslereWe lo a companwn AH force program A 
NASA sponsor ad WST/NASA/OoOAnduslry working group hat been lor med to establish suggedted 14 Inch 
MO meda lest standards 

An Associated modular control#* h being develops! el tangley to produce • conllgorable. espaodaWe 
•Vtiem supporting (he use ol multiple Odve modules to obteln deli fates Wt eeceta el one gigebd pet ••*<**>■ ■ 
tele that exceeds any oHwr known or planned optical recordng device o» ftgN lepe recordef end cepecMeS up 
10 I 2 l«tM|IIO gigabytes). 

(he current work represent a *1 grille ant technology ibk reduction toward development ol a compel e»y 
MqN quakled optical dftk Olve end Controlef. RASA and Navy k»ndng b being used lo Ml** procurement 
ol a Ikassboard Drlv# Unk lor PgM demonslratlon In FY 34. 

ItcMcal Cool* d: Thomas A. ShcA, Laf\G. |804)(M-tS37 
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DATA STORAGE TECHNOLOGT 
n KAMI 


DESCRIPTION: lha puiposa ol Ihls task Is lo evaluate Ihe stale ol magnetoresistive (Mn| li***d tape hrad 
technology lo* achieving high dale sale and high capacity data storage. 


SIGItil JCAIICE: lha significance ol Ihls work Is to ideniily an attiact.ve method lot *Mn.,|ianro..kly 
achieving high data rale and high capacity itcotdlng wdh high reliability. ellr cnve data rat*? nwrich.mi. 
and love mats, volume, and power. 

CUnnENT STATUS OF ACCOMPLISHMENT: The evaluailon results Indicate that MR head ‘^hnology •» 
an ".tremely viable and promising technology, nesult. Indicate Ih.l storage dens ly using MR head 
technology is at (east three limes greater than optical sioraqe densities Results also mdicaie lh.il 
reilebllliV t^qutes using MR heads at* ona lo Iwo orders ol magnitude graatei than those achieved wuh 
rotary head lap# recorders. MR heads can be developed lo achrev# 300 Mbps and teiaton slouge m 
tape recorder lormais with low mass, volume, and power. Additionally, high performance an ^ compnci 
memory modules can be dealgned which can oiler higher perlormance Ihin I block ( °P heal and 
marine Id- optical disk drives. Interactions and dialogues have been established with corporations 
Including Applied Magnelics. IBM. Kodak. Odellcs. and SlorageTek. Discussions are und«'«»V ' " '" h 
these organliallona to suppori us technically In our loltow on FT 91 baseline demonstration allot!. 


TECHNICAL CONTACT: Df. Romney R. Kant, JPL, (ltl) JS4*3054. 
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knptomnto niton ol Iha MAX total pi oca itof ctmutturacarton Control art hat baoun. A damontualon apple at <on 
wiach conkota an auionomoua ydanat*^ rov*/ to hatog d»¥mi bp«d 
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VIISC componatoi dsvatootd undai OoO sponsorahlp and H pro fad *d to haimli Iha braaaaabla ganatal 
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• UNIVERSITY CENTER OESIGNED VLSI CHIP BEING INCORPORATED 
INTO HUBBLE SPACE TELESCOPE GROUND DATA CAPTURE SYSTEM 


■** \ replacement data system to be operational by end of year 

• WORLD S FASTEST NEED SOLOMON ENCODEfl/OECODER ENRON CORRECTING CHIP 

• PERFORMS BOO MILLION OPERATIONS PER SECOND, CONTAINS 200.000 TRANSISTORS , 
. MAJOR IMPROVEMENT IN PERFORMANCE / RELIABILITY OVER EXISTING SYSTEM 

• DEVELOPED BY THE UNIVERSITY OF IDAHO-SPACE ENGINEERING i 
RESEARCH CENTER FOR VLSI (Vsry Largs Seals Integration) SYSTEM ‘ 
0ESIGN ! 

• ONE OF NINE CENTERS SELECTED WMOIW* 1 


• POSSIBLE FUTURE USE OF CHIP IN FLIGHT DATA SYSTEM 
| REFURBISHMENT 
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CONHGUKAULG IftlCill KATE PROCESSOR SYSTEM (CHRPS) 



ADSP CHARACTERISTICS 


* THE ENGINEERING MOOEL CONTAINED 73 TOTAL BOARDS (EXCLUDING INTERFACES) WHICH 

INCLUDED 26 UNIQUE DESIGNS 

• THE BOAROS CONTAINED A TOTAL OF APPROXIMATELY 25.000 iCt. NEARLY FILLING TWO 

ELECTRONICS RACKS AWO CONSUMING ABOUT 15 KW OF POWER 

* AT THE 20 MHZ MAXIMUM CLOCK RATE THE PROCESSOR COULD SUSTAIN ABOUT SEVEN 

BILLION FLOATING POINT OPERATIONS PER SECONO. THE APPROXIMATE COMPUTE RATE 
REQUIRED TO PROCESS SEASAT DATA AT REAL TIME RATE 

• MAGELLAN ADOEO FIVE ADDITIONAL BOARDS FOR SPECIAL RADIOMETRIC COMPENSATION 

AND Mill H LOOK CONI nOL RESULTING IN A PROCESSOR CAPABLE OF PROCESSING I HE 
MAGELLAN SAR DATA Af LEAST FOUR TIMES FASTER THAN HIE REAL TIME ACQUISITION 
RATE 

. HIE POCOMPUTER SYSTEM LIMITS THE ACTUAL PROCESSING RATE TO APPROXIMATELY 
REAL TIME THIS RATE IS STILL ABOUT FOUR TIMES FASTER THAN BACK Up 
(ENGINEERING SAR PROCESSOR!. WHICH IS BUILT FROM THE MOST EFFICIENT 
COMMERCIAL HARDWARE AVAILABLE WHEN I ME ADSP WAS COMPLETE IN 1068 


0 

1 

GJ 






C-35 


| HIGH PfRfORMANCP COMPUTING ANP COMMUNICATIONS PROGRAM 



PROGRAM fiflftt-. 


, ACCELERATE THE DEVELOPMENT AND APPLICATION OF 

• '■ HIGH PERFORMANCE COMPUTING TECHNOLOGIES TO 

: MEFTN^ SASCIENp P^ NDpNGINEEfllNQREQUIREMENTS 


GOAL AND OBJECTIVES 


O ACCELERATE THE DEVELOPMENT AND APPLICATION OF 
HIGH PERFORMANCE COMPUTING TECHNOLOGIES TO MEET 
NASA SCIENCE AND ENGINEERING REQUIREMENTS 


O DEVELOP ALGORITHM AND ARCHITECTURE TESTBEDS 
CAPABLE OF FULLY UTILIZING MASSIVELY-PARALLEL 
CONCEPTS AND INCREASING END-TO-ENO PERFORMANCE 

CJ DEVELOP MASSIVELY-PARALLEL ARCHITECTURES SCALABLE 
TO SUSTAINED TERAFLOPS PERFORMANCE 


a DEMONSTRATE TECHNOLOGIES ON NASA RESEARCH CHALLENGES 

n INTEGRATED AEROSPACE VEHICLE SYSTEMS 
.1 EARTH AND SPACE SCIENCE PHYSICAL PHENOMENA 
■i SPACEBORNE APPLICATIONS 


NASA NEEDS 


a NASA NEEDS TERAFLOPS (I0“) COMPUTATIONAL 

CAPABILITIES TO ADDRESS GRAND CHALLENGES. THE 
SOLUTIONS OF WHICH. ARE ESSENTIAL TO ACHIEVING 
NASA'S MISSION 

a CONVENTIONAL APPROACHES WILL NOT PROVIDE THE 

PERFORMANCE NECESSARY TO SOLVE GRAND CHALLENGES IN 
COMPUTATIONAL AEROSCIENCES, EARTH AND SPACE SCIENCES 
AND REMOTE EXPLORATION AND EXPERIMENTATION 

a COMPUTATIONAL AEROSCIENCES 

a integrated, multidisciplinary simulations of aerospace 
VEHICLES THROUGHOUT THEIR MISSION PROFILES 

O EARTH AMD SPACE SCIENCES 

O MULTIDISCIPLINARY MODELING AND MONITORING OF THE EARTH 
AND ITS GLOBAL CHANGES AND ASSESSMENTS OF THEIR IMPACT ON 
THE FUTURE ENVIRONMENT 

a REMOTE EXPLORATION AND EXPERIMENTATION 

O EXT ENDED- DURATION HUMAN EXPLORATION MISSIONS ANO REMOTE 
EXPLORATION ANO EXPERIMENTATION 
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EARTH AMD SPACE SCIENCES 


i 1 DEMONSTRATE THE POTEKTIAL TO ADDHES3 THE GRAND CHALLENGES 

| GOAL | AFFORDED BY TERAFLOPS SYSTEM PERFORMANCE ON SELECTED 
1 MULTIOISCIPUNARY MODELING AHO MASSIVE OATA HANDLING APPLICATIONS 


SUPPORT THE DEVELOPMENT OF MASSIVELY PARALLEL SCALABLE 
MULTIDISCIPLINARY MODELS ANO OATA PROCESSING ALGORITHMS 

MAKE AVAILABLE PROTOTYPE SCALABLE PARALLEL ARCHITECTURES AND 
MASSIVE OATA STORAGE SYSTEMS TO E8S RESEARCHERS 

PREPARE THE SOFTWARE ENVIRONMENTS TO FACILITATE SCIENTIFIC 
EXPLORATION ANO THE SHARING OF INFORMATION ANO TOOLS 

DEVELOP OATA MANAGEMENT TOOLS FOR HIGffSPEEO ACCESS. MANAGEMENT 
ANO VISUALIZATION OF DATA WITH TERAFLOPS COMPUTERS 

DEMONSTRATIONS OF SCIENTIFIC ANO COMPUTATIONAL IMPACT FOR EARTH 
ANO SPACE SCIENCE APPLICATIONS 

| CANDIDATE APPLICATIONS 1 
COUPLED EARTH ATMOSPHERE SYSTEMS SCIENCE 
SPACE ANO SOLAR TERRESTRIAL PHYSICS 
ASTROPHYSICS ANO ASTRONOMY 

BIOOEOCHEMICAL CYCLES ANO EVOLUTIONARY PROCESSES 
PLANETARY EVOLUTIONARY PROCESSES 

ANALYSIS OF MASSIVE DATA SETS ACQUIRED BY NASA PROGRAMS 


EARTH AND SPACE SCIENCES 

COMPUTING SPEEO ANO MEMORY REQUIREMENTS 
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COMPUTATIONAL AERODYNAMICS 

COMPUTER SPEED AHO MEMORY REQUIREMENTS 
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COMPUTATIONAL AEROSCIENCES 



DEVELOP NECESSARY COMPUTATIONAL TECHNOLOGY FOR THE NUMERICAL 
SIMULATION OF COMPLETE AEROSPACE VEHICLES FOR BOTH DESIGN 
OPTIMIZATION ANO ANALYSIS THROUGHOUT THE FLIGtfT ENVELOPE. 



DEVELOP MULTIDISCIPLINARY COMPUTATIONAL MODELS ANO METHODS FOR SCALABLE « 
PARALLEL COMPUTING SYSTEMS 

ACCELERATE THE DEVELOPMENT OF COMPUTING SYSTEM HARDWARE AHO SOFTWARE 
TECHNOLOGIES CAPABLE OF SUSTAINING A UreFLOPS PERFORMANCE LEVEL ON 
COMPUTATIONAL AEROSCIENCE APPLICATIONS 


DEMONSTRATE AHO EVALUATE COMPUTATIONAL METHODS * W COMWt ERSY8TEM 
TECHNOLOGIES f OR SELECTED AEROSPACE VEHICLE ANO PROPULSION STSTEMS 
MODELS OH SCALABLE. PARALLEL COMPUTING SYSTEMS. 

TRANSFER COMPUTATIONAL METHODS ANO COMPUTER SYSTEMS TECHNOLOGIES TO 
AEROSPACE AND COMPUTER INDUSTRIES. 
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remote exploration and experimentation 




S DEVELOP 8PACEBORNE COMPUTING TECHNOLOGY WHICH WILL ENABLE HIGH 
PERFORMANCE, FAULT-TOLOERANT, ADAPTIVE SPACE SYSTEMS FOR A NEW 
GENERATION OF MISSIONS TO EXPLORE THE EARTH AND SOLAR SYSTEM 


DEMONSTRATE THE FEASIBEJTV OP IOOO-FOLO WCREASE IN 6PACEBORHE 
COMPUTER SYSTEMS PERFORMANCE 

DEMONSTRATE A PARALLEL, SCALABLE ARCHITECTURE 

• LOW WEIGHT AND LIMITED POWER 

. afforoable 

* FAULT TOLERANT 

DEMONSTRATE A SOUD PROTOTYPE-! O-FUOHT SYSTEM ENGtHEERlNQ PATH 
| CANDIDATE APPLICATIONS! 

ANALYSIS Of DATA FROM THE TROPOSPHERE EMISSION SPECTROMETER. AN 
EARTH OB8ERVWQ SYSTEM INSTRUMENT 

INTEGRATION OF ROBOTIC ALGORITHMS FOR SENSINO ANO MANIPULATION 

ASTROPHYSICS MISSIONS 

ROBOTICS 


NATIONAL RESEARCH & EDUCATION NETWORK^ 


f SHARED 
INTERCONNECTED 
BACKBONES 
and 

V INTEGRATED . 

nIservices ^ 




REGIONAL 



CESDIS 

THE CENTER OF EXCELLENCE IN SPACE 
DATA AND INFORMATION SCIENCES 


Raymond E. Miller 
CESDIS Director And 
Professor Of Computer Sciences 
University Of Maryland 
College Park, MD 
(301) 286-3805 


APPLIED INFORMATIONS SYSTEMS 
RESEARCH WORKSHOP 
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CES01S MISSION 


CESDIS 

The Center of Excellence 

In Space Data and 

Information Sciences 

NASA Goddard Space Flight Center 
Greenbeit, MO 


Raymond E. Miller 
CESOIS Director 
and 

Professor of Computer Science 
University of Maryland at College Part 
College Part, MO 


To bring together computer scientists from 
university, Industrial, and government 
laboratories to: 


Conduct computer science 
research having application 
Earth and space scitnea; 


Focus attention on accessing, 
proc e ssing, and analyzing data 
from space observing systems; i 


Collaborate with NASA space 
and Earth scientists. 


GOALS TO BE 
ACCOMPLISHED BY: 


i» profacts Mtocsea on ttm t 


Supporttoq addfHonoi r e— r eft pwwnml tor profacaa f> 
by NASA tftnwgfi other program*; 


PravMlne a computer acfanca raaaarcft anvfronmani mhi 
al G3PC and anoouragtng vtaoa by profoet porwwaR 

Conducting wortsftopa and confaraneoa; 

Orgeottlrie Mnrtnera tar OSFC, unbreraKy, and hdeM I 



• 


mmt 

• 

Davafopwg araas for eotlaborattva afforta thraugfi contacts 
astabUsftad by Olractor and Staff Sdantlsta; 



Prooudne technical raport aortas of papara praparad by 
CESOIS mam bar a. 




J 



PtM REVIEWED RESEARCH 

Cuba . John Raff 

- HltMGabt 

Unbwrtyot - Fred Brooks 
Nonfi Carolina - jmwii Coqqina 

Stanford . Gia Wltd erftoftf 

- eooaauor 

• Ramin Samadanf 

Gaorga • Jim Fotey 

Waimngton . Jo/mSJban 
Unhmraity - HlkmafSanay 


AOOITTON At RESEARCH TASKS 
Grown * Jaffrayvmar 
- Paul Howard 

Rwwi Stato . Eric Feiqaiton 

• Mlchaai LaVatfay 

Unfwiity of - Noah Friadtand 
Maryland 

Gao rg# . Paiftatd Lormar 

Washington - 8urt Edafson 

Untvaoity - Harman HtJgarf 

Camagla - H. T. Kong 

Mahon . Douglas Smith 

(Cray FeiiowtMol 
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TASK GOALS AND 
ACCOMPLISHMENTS 


DUKE UNIVERSITY 


Parallel Compression of Space and 
Barth Data 


PERIOD OF PERFORMANCE; Odotw mi 

GOALS 

• Develop parallel algorithms and architecture* for 
lossy and lossitss data compression. 

• Dtslgn compressions applicable to large variety of data. 

• Design good parallel vector quantization algorithm. 


ACC OMPL ISH ME NTS 

• Devised several algorithms. Investigated their 
theoretical aspects, and evaluated performance against 
USC Image database to compare results with existing 
schemes using same Images. 


• Developed multlresotutfon lossy methods capable of 
controlling amount of Information lost by trading off 
between compression rates and distortion. 





TASK GOALS AND 
ACCOMPLISHMENTS: 



GEORGE WASHINGTON UNIVERSITY 


A Knowledge-Based Advisory System for 
Genera! Scientific Data Visualization 

PERIOD OF PERFORMANCE; Upiwntm • Augvx net 


GOALS 

• Investigate and specify visualization vocabulary to 
embody essential concepts required lor scientific 
visualization. 

. Incorporate user Interface for visualization - naive users. 

. Develop system design extendable for knowledge 
refinement and new visualization techniques. 

ACCOMPLISHMENTS 

• Compiled 14S rules and principles pertaining to 
expressiveness of visualization techniques. 

• Implemented primitive rendering algorithms. 

• Designed VISTA (Visualization Tool Assistant) and 
completed first prototype. 

• Conducted preliminary test of prototype using data 

k supplied by GSFC NSSOC. 



TASK GOALS AND 
ACCOMPLISHMENTS: 


Stanford University 


Computer Assisted Analysis of Auroral images 
Obtained From High Altitude Polar Satellites 


PERIOD OF PERFORMANCE: Jammer i*ef-Owwnb»lfti 


TASK GOALS AND 
ACCOMPUSHMENTS: 


University of North Carolina 
at Chapel HIM 



image Pattern Recognition Supporting Interactive 
Analysis end Graphical Visualization 

PERIOD OF PERFORMANCE; Stawwim. Auguwitti 


GOALS 

Develop, Implement evaluate, and utilize advanced 
computer software tools whose purpose is to automate 
the analysis of global auroral images obtained from 
OE-1 and Viking satellites. 


ACCOMPUSHMENTS 

• Completed Implementation and testing of "snakes'* 
algorithm for finding auroral oval Inner boundary. 

. Have made progress on extending technique to 
regions where daylight overlaps aurora and to 
simultaneously find both Inner and outer 
boundaries. 


GOALS 

• Develop research software base to support Interactive 
Image pattern recognition; 

• Develop artificial visual systems to solve measurement 
and detection problems; 

• Develop multi-resolution Image descriptions ss a 
language for human-computer communication. 

ACCOMPLISHMENTS 

• Have explored nature of Image regions formed by 
some coherence of Intensity, edge surround, 
orientation, or texture, across scales based on 2 Image 
description techniques: Multiscale Orientation Fields 
and Spatial Spectrum Classification. 


Project personnel met with 13 GSFC and NASA 
HO scientists to discuss potential collaborative 
efforts. 



Beginning to apply to Landsat Images obtained 
from GSFC. 

Applied algorithm to Hubble data In effort to reduce 
blurring of Images without destroying frequency 
spectra. 
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ADDITIONAL RESEARCH 
TASKS 


University: Jeffrey VHter and Paul Howa r d 
OKI Compression Algor ith m s 



Penn State University: Erie Felgeieon and Michael LaVahey 
Advanced Statistical Methods lor improved Data 
Analysis ot NASA Astrophysics Missions 


University of Maryland: Noah Median* 

Simulated annealing, neural nenrorts and Mart* random 
flaM methods to solve inversion proOiems In atmespherto 
sounding _ 

Oaorge Washington Urtversfty: Bun Edetson and Herman Metgert 

Concepts, ptana and departments to utilize me Advanead 
C o mmu m ee th m a Tachnaiogy Ste ens in s u per co mputlng 

Oaorge Washington University: John SJbert and Ondy Starr 
Computer graphics tools and techniques for 
sclent ilia visualization 


Oaorge Washington Umverady: Ralnald Lohnar 

C omputer codes lor simulatio n of 3D compr eae tbta 
magneto hydrodynamia Howe 

Stanford University: Phlftp Scherrer and Richard Bogart 

AstroMaB: Pectroma atad for the A st rophy si cs Community 


Carnegie Mellon U ni vers i ty: Oougtas Smith (Cray Pedowt 
and H.T. Kung (Advisor) 

mtarmediste Language and Virtual Architecture lor High 
Performance image Processing 







• Develop Industrial associates program 

• Fund additional research associated with 
HPCC and EOS 

• Run small specialized workshops 

• Continue to cooperate In organizing and 
running conferences 

e.g^ Data Compression Conference 
Workshop on Parallel Algorithms 


• Build more collaborative efforts 
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f CESOis ROLE 


HPCC ACTIVITIES 



FY 92 

• NASA missions are moving from using state- 
oMhe-art computing techniques and technolo- 
gies to missions requiring major advances In 
computing hardware, software, algorithms, and 
communications. 


• Hire Associate Olrector for HPCC. 

• Advanced computing needs lie at the center of the 
NASA missions. 


• Help manage Goddard NRA peer review. 

• Many areas of computer science reseerch have e 
direct bearing on NASA needs. 


• Staff and run evaluation activity for spaca 
and Earth science grand chaltenga 
problems on various high-performance 
test-bed architectures. 

Database systems, distributed computing 
systems, networking and communication, 

Ai/ Ex pert Systems/ Neural Nets, Human/ 

Computer Interfaces, Computer Graphics, 
Visualization, Pattern Recognition, Algorithms, 
Software Engineering, Robotics, eta 

i J 


• Prepare and Issue CESDtS calMor-proposals 
In HPCC research. 

i i 


CESDIS PROPOSED 
HPCC ACTIVITIES 



FY 93-97 


OVERALL CESDIS PLANS 


1992-2000 



• Build research activities for HPCC kn 

♦ Relative evaluation for high performance 
computers In space and Earth science 
applications. 

Numerical techniques for parallel 
computation. 

• Management of massive amounts of 
data In distributed systems. 


• Support education of Ph.O’s In aress of 



Build a community of computing science 
researchers who collaborate with space and 
Earth scientists on problems of Interest to 
NASA, through peer-reviewed proposal 
research at universities, through collaboration 
with Industrial researchars, and by building 
a small core of about 5 full time researchers 
at CESDIS, plus a similar size University 
of Maryland group of faculty and graduate 
student researchers. 
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CASIS BACKGROUND 


Professor Michael J. Flynn 
Departments of Electrical 
Engineering and Computer Sciences 
Stanford University 
Stanford, CA 
(415) 723-1450 


APPLIED INFORMATIONS SYSTEMS 
RESEARCH WORKSHOP 


NOTES: 
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Some special facilities/centers: 

• Canter for Integrated Syste m* 

• Center for Telecommunications 

• Center for Reliable Computing 

CASIS • for Concurrency Studies 

Background * Program in Manufacturing Science 

: 

ProL Michael J. Flyaa 
Dfptnmnu of 
Electrical Engm— nag 
•tel 

CoopMcar Sdcace 
Stanford University 


CASIS - 1901 

Supported faculty and research areas: 

Telecommunications 
Professor F. Tobagi 
Professor J. Ciotfi 

Neural Nets 

Professor A. Peterson 
Professor T. Ivailath 

Concurrent Processors 
Professor M. Flynn 
Professor Monica Lam 

Data Analysis & Management 
Professor G. Wicderbuld 
Professor -J. Vesecky 
Professor M. Levoy 

Programming Environments 
Prof^sor M. Linton 


CASIS — Paat 

• 10 years 

• Supports about 20 research students per year 
About 110 total 

• About 5 supported students receive Pb.D. each yenr 
About 35 total 

• Over 300 supported reports, publications, etc. 


PRECEDING PAGE BLANK NOT FILMED 
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INFORMATION EXTRACTION FOR IMAGE DATABASES AND VISUALISATION 


I) Image analysis and computer viiion loots may be used id extract information 
and parameters from image data. 


2) The extracted parameters from the data may be used as automatically generated 
indccci of image databases. 

3) Tlw extracted information may be also used as automatically generated geometric 
primitives for visualization. 


EXAMPLES OF CASIS RESEARCH IN INFORMATION EXTRACTION FROM DATA 

1) Generating sea ice motion vectors from radar images. 

2) Extracting area and boundary information from UV satellite images of aurora. 

3) Finding curvilinear features in radar images. 




I 


i 


tumm TRANSACTIONS ON 

GEOSCIENCE AND 
REMOTE SENSING 

MMMIf INI 40kUM« :i MUUIH • I > tlw • »•«•!••!> 



X 




*"***-- «ai 


[3 character database 


ocoo&QnaoQGcoaQotiCGoaGC} 
QOoc?oo 6 cao< 5 QO«jaQOo^od 6<3 
d &6oaooc>aQGC o o c> oo o o o oo o 
OOCOOOOOQQOO^OOCKkCaco'o 0 

oo < 3 ku t yvi i.v: £ iimi/ni 
i in vu t ) r \ u 1 1 1 \ /) \ / \ \ 

1 1 ) / 1 1 1 1 1 ( 1 1 it 1 1 1 \ 1 1 1 r\ 
/x\.i 

2 i^^i?' 203 . 23 a^ 2 ia < a‘ 222 . 2 . 3 -^ 32 ) 

a^2»53^3333i5i333a^3S3,3 

^33^*4 

*+if HH>4.5'S’S.£ , SV5SSSS 
ZSS 55 S! 5 £££SSSSSSS-x- 3 - 5 S<«, 

■<•*• t*n' 7 -?n'\nn-rTTi-n-n-)’ 7 - 7 -)-i 

r 7“77-7 r V5‘^ : ;‘77 77-'V?7 - )'78 ,< 23 j 5:PS' 


OWG.Wlt. PAOE ) S 

OF POOR Q(M UT £ 



C-47 



EXPRESSNET 


A Unidirectional Broadcast Bus Local Area Network with A 
conflict-free round-robin Media Access Protocol , 


Basis for many network Concepts used in High Speed . 
Fiber Optic Local Area Network's, including the 
Metropolitan Area Network Standard DQDB 
(IEEE802.6) 


Described in Most Important Textbooks 

Tanenbaum; Stallings; Gallager and Bertsekas; etc. 


t 



I I 



1 


Telecommunication 
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♦ Impairment: Dispersion distorts pulse* resulting In 
intcrsyiulH>l luteiference (ISI) 

• Goal: Plnd simple signnl processing leclutl()ues to 
compensate for ISI. Allowing for Improved data talc* 
and distances 


Application Specific Systems 
Development 

•avoiding the software bottle 
neck for key application 

. gas dynamic/fluid How 

• pattern recognltlon/neural 
nets 

• finite element analysis 




( ^ 

Computing 

Concurrency Studies 

Optimizing Compilers 
for Large Scale Multiprocessors 

Parallel Architect's Workbench 


Parallel Processor Software support 

- GEM 

- scheduling optimization 





Architectures for Lattice Gas 
Cellular Automata 

• Main application domain; Said Sow simulation 

• Approach One 

- Until recently, mot fluid flew models an hand 
on partial difierential equations (eg. Navicr-Siokas 
equations). 

- Solution usually involve numerical technique with 
Uff* munben of Soring point operations 

• Appraach,Two 

- Lattice ps cellular mi inm ala an new cfiaatU mod* 
els of fluids. 

- The fluids an mrit up of iriealired pertides that 
move according to ample mien. 

- Collections of Urge numbers of then particles can 
show overall mntinuuni behavior which agrees with 
results predicted by Navier>Stok« equations. 

— Thia approach involves only logical operations and 
does not require floating point arithmetic. 


The Computer Architect's 
Workbench 

• The AWQ is a set of software tools to predict 
the relative performance of alternative com- 
puter and system architecture features 

- Actual applications are used as benchmarks 

— High quality compiler support 

— Low requirements on hardware descriptions 

• Trace Oriven at basic block granularity 


t 


AWB: A General Research Tool and 
a Problem Solving Tool 

Researcn Tool 

— Architecture and Instruction Caches 

— Architecture and Data Buffering 

— Optimization and Instruction Architecture 

Design Tool 

— ASIC alternatives 

— Cost/Performance Analysis 

— Specific Workload Evaluation 


Current Research 

• The Effects of Programming Paradigms on 
the Instruction and Data Streams of a Shared 
Bus Multiprocessor 

• Increasing the Performance of Shared Bus Mul- 
tiprocessors 

- Effects of shared caches 

- Compiler techniques 

• Prefetch of Data 

* Write and Flush 

« Utilizing relationships between variables 

- Processor Architecture 



APPLIED INFORMATION SYSTEMS 
RESEARCH PROGRAM WORKSHOP 


PRINCIPAL INVESTIGATORS PRESENTATIONS 

(A.M. SESSION) 
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PRINCIPAL INVESTIGATORS PRESENTATIONS 


PROGRAM PLAN FOR AN 
EXPERIMENTER'S LABORATORY 
FOR VISUALIZED INTERACTIVE SCIENCE 


Elaine R. Hansen/P. I. 
Colorado Space Grant Consortium, 
Univ. of Colorado 
Boulder, CO 
(303) 492-3141 


Marjorie K. Klemp/CoJ. 
Sally W. Lasater/Co.L 
Marti Szczur/CoJ. 
Joseph B. Klemp/Co.I. 
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Program Plan 


for AN 

Experimenter’s Laboratory for Visualized 
Interactive Science 


Applied Information Systems Research Workshop 
July 22 — 24, 1991 
Boulder. Colorado 
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Pbograu Plan 
FOB AN 

ExpEBiuENTEB’a Laboratory fob Visualized Interactive Science 
— Presentation Outline — 

I. Goals and Objectives 

II. Concept lor Accomplishing Objectives 

III. Building Blocks 
— Features 

— Key Players and Organizations 

IV. Plans 
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1 
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I. Program Goals and Objectives 


Goals 

• Provide a capability thal will help scientists of the *90‘s to interactively 
visualize data in order to better understand the large, complex, and 
muHidimensbnal data sets of our future space missions 

• Provide an Interactive Visualization Environment to support science 
research within and across NASA science disciplines 

• Provide an Interactive Visualization Environment that can be easily 
tailored by the scientists themselves to best fit their individual research 
problems and display preferences 

• Enable general members of the Space Science Community to usa 
advanced visualization tools at an affordable price 


• Capitalize on existing information systems techniques, technologies, and 
tools 



I . Program Goals and Objectives 


Objectives 

• Provide a multidimensional, visualization capability based on the 
research needs of NASA scientists 1 , 


• Support interactive, exploratory analysis 


Handle multiple, simultaneous, and diverse data sets (ingest, present, 
manipulate) 


Provide a user inledace thal is intuitive for and responsive to the needs of 
the general science user 


• Provide software thal wilf run on a variety of popular, affordable 
workstations 



• IaawMmj *•» t toMMih, f t ‘ — , t 
h*$tum Mm 
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II. Concept for Achieving Objectives 

- Fust and Foremost, product must have a suitable acronym t — 

IVE .Interactive Visualization Environment) 

IVAN (Interactive Visualization Analysis Node) 

ELVIS (Experimenter's Laboratory for Visualized Interactive Science) 

lltWMqr let ril»lWn< *«4« H 

hm&em Hem 



II. Concept for Achieving Objectives 

*— Process — 


• Early and Continual Focus on the Science Users through interviews, 
observations, and participative design 


• Parallel Design of all aspects 

— The user interlace design must start at the same time or before software 
design 


• Early and continual user testing with prototypes to enable feedback to the 
design process 

— User testing ol user interlace, functions and services, help, 
documentation, training, etc. 
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II. Concept for Achieving Objectives 

— Product — 



III. Building Blocks 

1 . 3D Data Generation and Rendering, ‘PolyPainf 

— Foundation system developed by NCAR 

— Key individuals are Joseph Klemp (PolyPaint Originator and Lead), 

William Boyd, (Systems designer/programmer), Matt Irvin 

^Pro^rammer. summer student. Physics grad at MIT in Academic 

— ’Poly - Features 

• Polygon generation lor contour surfaces within any specified subset ol a thiae- 
drmensional god volume 

• Comour surfaces tor enclose either higher or low ar values 

• Coordinate transforms lor 3D data in non-Canesran coorduiaiss 

• Unir normal vacuus that are calculated either separately lor each polygon vertex or 
averaged among polygons sharing that vertex 

• Polygon generation lor planar surfaces cutting through the dau domain 

• Polygon generation lor surlaces defined by ihe values of a two dimensional data 
array 

•- • Polygon generation lor two-dimensional contour knes (computed as ribbon 
surlaces) wrth a specrfied contour interval In any coordinate plana 

• Polygon ganerauon to conven a three dimensional curve tmo a nbbon kxe surface 
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III. Building Blocks 

— “Poly" Features (cool’d.) 

• Usur specified Imuiation on the maximum number ol vertices m polygons 

• Weir Iranie plots to preview ihe polygon data 

• file storage leu polygon data in tor mats mat can be utilized within PolyPatni or other 
surface tendering faculties 

— “Paint* Features 

• Elmar index color (6 be) or true color (24 bit RGB) 

• Depth qouutng using a x butter stored In memory 

• Display ol multiple object* that can be superimposed sequentially teuton the same 
view domain 

• Polygon shading using either color (Gouraud) or surface normal interpolation 

• Reversal ol unit normal vectors to view the inner side or both sides ol surfaces 
■ Display ol 30 lu&tiku stereo objects 

• Volumetric rendering ol three-dimensional dale 

• Wire frame rendering with shaded and anti aliased lines 

• Combined display ol solid surface, wire frame, and volumetric rendering 

• Procedures lor storage and display ol images to and Irom disk 

• Multiple color table partitions lor displaying dJlarent colored objects on index-color 
systems 

• lighting options that include: 

— Up to to tight sources 



III. Building Blocks 

— “Paint* Featu/ea (cool’d ) 

— Realistic renduiing wuh a single bglit source using badtscaliered trghlmg 
— Colored light sources on true color systems, with independent control ol surface 
color 

— light sources either at xihrury or at a finite distance Irom objects (intensity 
diminishes with distance Irom Ught source 
— DUfuse or specular resection (computed according to the Phong model) or 
combinations ol the two lor each light source 
— Independent color control ol drfluse and specular reflection on true color 
systems 

— A'nbienl bgfumg 
— Haze 

— Transparent colors using either color mumg or other color combinations 

• View domaei scaling with options lor: 

— Automatically maximizing view domain within the specified window 
— Specifying vanous sub screens within the window 
— Relocating the location and direction ot view 
— Altering the via wangle (io loom in or out) 

— Rotating objects about the direction ot view 
— Rescahng the object in any coordinate direction 

* Word packing options to i educe memoiy requirements 



flM.ll HmM 

mu 

-i 


III. Building Blocks 


2. Management ol Data Objects, “Object World") 

— A software tool, developed at LASP 

Key individuals: Safty Usater and Randy Davis 

— U an ages data objects 

(store, retrieve, update, delete) 

3. Interactive Interface Objects, Services and Designer bench 
“Transportable Applications Executive — TAEs* 

— Developed by GSFC's Data Systems T technology Division 
Key individual: Mark Stczur 

— Enhanced lor leatime applications by LASP at CU 
Key individuals: MargiKUerp end Eric IWis 

— Features 

• An easy to use workbench lor design end layout of new user interfaces witft 
’Interaction objects* 

• Runtime Services to display and con trot workbench designed user interfaces 

• A run lime interpreted command language to control an application s user interface 

Si HMM'I i MKIWI tmt WlMWa feMM »«W m i 
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III. Building Blocks 

4. Data Access Interface — Network Common Data Form (NatCDF) 

— Concepts originated by GSFCe NSSDC 

— - Enhanced as general purpose toot by Untdau , 1 

— Features 

• General tools lor storing end retrieving range of science data types 

• Enables access software to beat aXdau types m the same way 

• Treats data as call action of self deserving, network transparent ooiects. accessed 
through simple interface 

• Supports random access of multi dimensional variables, and duuci access to Single 
data values. Io a hypurcube ot data, and to records 
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IV. Plans 


• Plans have been reduced and stretched to fit available funding levels 


(hoping for more fundingl) 



IV. Plans 

• Integrate software components 

• User interactions and evaluations 

Milestones 

• System data (low in I 1/2 years 

• Complete system with limited users, data types, 
handers in 3 years 

iMWMtMH, *•» WMMIlM l<«M, 
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IV. Plans 
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PRINCIPAL INVESTIGATORS PRESENTATIONS 


GRID ANALYSIS AND DISPLAY SYSTEM (GrADS): 
A PRATICAL TOOL FOR 
EARTH SCIENCE VISUALIZATION 


James L. Kinter m/P.1. 
Univ. of Maryland 
Dept of Meteorology 
College Park, MD 
(301) 405-5384 

Brian E. Doty/Co.I. 
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THE GRID ANALYSIS AND DISPLAY SYSTEM (CMOS): 

A PRACTICAL TOOL FOR 
EARTH SCIENCE VISUALIZATION 


SCIENTISTS ►DATA 

. QUANTITATIVE 
• INTERACTIVE 
. VIEW + MANIPULATE 


JAMES L KINTER III 
BRIAN E DOTY 


1YQU SEE! 


CENTER FOR OCEAN-LAND-ATMOSPHERE INTERACTIONS 
DEPARTMENT OF METEOROLOGY 
UNIVERSITY OF MARYLAND 
COLLEGE PARK. MD 20742 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APPUED INFORMATION SYSTEMS PROGRAM WORKSHOP 
BOULDER, COLORADO 


RESULTS ►JOURNALS 

. QUANTITATIVE 
. PUBLICATION QUALITY 
* LEGIBLE 

- INFORMATIVE 

- COMPARABLE 



22-24 JULY 1901 


IMAGES ►PUBLIC 

. QUALITATIVE 
• A ESTHETIC 


CrADS - Dotes Co*Ja 



. MANIPULATION 
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Gr ADS Grldded Data Sal 


• Tho generalized view of (ha dala is 4-0 (mans Iona I . 
Spacing may ba non-linear except In lima. 

- X.Y.Z.T » Longitude, Latiluda, Height, and Tima 

- Any number of variables 

• Dala resides on disk In binary formal. Gala sals 
are easily created or read by FORTRAN programs. 

• X varies fastest, then Y, then Z, then each 
variable, then time. 

- Variables may have different numbers of levels, 
but must have same number of X, Y, and T elements 

- Use separate data set for different scaling 
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GrADS - IMPLEMENTATION 


Gr AOS Station Oata Set 


• Each data element arbitrarily located In space 
and time. 

• Data resides on disk In a structured format. 
Subroutines are provided for creating the data 
set from FORTRAN programs. 

• A utility It run to create a ‘map* of the station 
data set, allowing effeclent I/O access for any 
data request. 


Pa«s 4 COt A /UXP 


GrADS Data Description File 


• Name of binary data set 

• Definei scollng between grid coordinates and world 
coordinates 

• Describes each variable 

- Abrevlation to be used for the variable within 
expressions 

- Number of levels provided 
-Units value (not currently used) 

- Long name of variable 


Pags 3 COia/umcp 


I 


OSET /DATA/REANAL/ANALYS I S . OAT 
UNDEF -9.99E33 

TITLE REANALYZED GLOBAL FIELOS FROU DEC 82 

XOEF 144 LINEAR 0.0 2.5 
YDEF 73 LINEAR -90.0 2.5 
ZOEF 12 LEVELS 1000 850 700 500 400 300 
250 200 150 100 70 50 
TDEF 20 LINEAR 00Z60EC1982 6HR 

VARS 5 


z 

12 

99 

GEOPOTENTIAL HEIGHTS 

u 

12 

99 

U WINOS 

V 

12 

99 

V WINDS 

RH 

6 

99 

RELATIVE HUMIDITY 

TV 

12 

99 

VIRTUAL TEUPERATURE 


ENDVARS 

Pa«« 4 COH/LUCP 




Example t 


Examples using the data sets from the descriptor 
files shown earlier (files have been opened). 

SET LON -90 
SET LAT 40 
SET LEV 850 

SET TIUE 00Z6DECI982 18ZI00ECI982 
DISPLAY TV 

DRAW TITLE 85Qmb Virtual Temperatures at 90W, 40N 
DRAW YLAB Degrees Kelvin 

Notes: • A 1-0 'slice* of TV (a basic variable) is 
being displayed 
• We get a graph by default 


Pan* • 


COLA/UJCp 



SET ION -140 -60 
SET LAT 15 65 
SET LEV 500 
SET T 1 
DISPLAY Z 

DRAW TITLE 50Qii> Haights 
DRAW XLAB OOZ Decoder 6. 1982 

las: • If X and Y ara varying, a map is 
automatically drawn. 


coia/Ucp 


SET LON -90 
SET LAT -90 90 
SET LEV 1000 50 
SET T I 
DISPLAY U 
SET CSTYLE 3 
DISPLAY TV 

DRAW TITLE U Winds / Virtual Temparaturas 

Notes: • Vertical Cross Section 

• Multiple 01 SPLAYs without CLEAR ing result 
In overlaid contours 


Pag* 10 


COLA/UUCP 
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A DISTRIBUTED SYSTEM FOR VISUALIZING AND 
ANALYZING MULTIVARIATE AND 
MULTIDISCIPLINARY DATA 


Allan S. Jacobson/P.I. 
Jet Propulsion Laboratory 
Pasadena, CA 
(818) 354-0693 


Mark A. AHen/Co.I. 
Michael J. Bailey/C o.I. 
Ronald G. Blom/Co.I. 
Leo Blume/Co.I. 
Lee S. Elson/Co.I. 
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JPL 


A Distributed System for Visualizing and 
Analyzing Multivariate and Multidisciplinary 
Data 

Investigator Team: 

Jel Propulsion Laboratory 

Allan S. (Bud) Jacobson - Principal Investigator 
Mark A. Allen 
Ronald G. Blom 
Lee S. Elson 

San Diego Supercomputer Center 
Michael J. Bailey 

Silicon Graphics, Inc. 
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A Distributed System for Visualizing and 
Analyzing Multivariate and Multidisciplinary 
Data 

Program Objectives 

1. Develop LinkWincte tools and controls specific to at 
least two science disciplines and demonstrate them in 
current research activities. 

2. Adapt LinkWinds to X-Windows for execution in a 
network environment. 

3. Use adapted LinkWinds to demonstrate cooperative 
and interactive lelevisuallzation and analysis by 
geographically separated science teams. 


0 

1 
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JPL Cfc 

The Linked Windows Interactive Data System 
(LinkWinds) 

1. A visual data exploration/analysis environment with 
data displayed in a series of interdependent windows. 
Interdependence is established at user's discretion by 
‘linking' visuals and controls. 

2. A standard graphical user interface with additional 
•linking’ rules.; Results in an intuitive interface accessible 
with a minimum o( training. 

3. A user accessible applications prototyping 
environment. 

4. Implemented with an object-oriented programming 
model, with Minks* establishing message flow path. Thera 
Is an underlying command language (Lynx) based upon 
scheme. 

5. A multi-user science environment (MUSE) requiring a 
minimum of network band-width. 


jpl <a> 


The Linked Windows Interactive Data System 
(LinkWinds) 

Development Approach 

1. Employ an Incremental development process using 
rapid prototyping of applications. 

2. Work with users and developers in a tight loop 
throughout the process. 

3. Provide software and workstations to users to stimulate 
product use in research activities. 
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The Linked Windows Inleracllva Data System 
(LlnkWinds) 

Application Oevoloprnant Cycle 



JPL *&> 

The Linked Windows Inleracllve Data System 
(LlnkWinds) 

User Interlace Design Philosophy 

|. Users are Impatient anti want to gat stalled quickly 
on pioducllve work. They are discouraged by large 
manuals. 

2. Users learn liorn soll lnlllaled exploration, making 
mistakes and correcting them. 

3. Users refer lo documentation only when the software 
doesn't conform to their expectations. Then they Bklp 
around In manuals pr on line help lo find the answer to 
current problem. 


(W: M«0 fW*g CALM VU H !•. -My INI) 
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The Linked Windows Interactive Data System 
(LlnkWinds) 




2. Link contiol symbols (o other windows In order lo 
manipulate them. 


JPL *25 


The Linked Windows Inleraclive Data System 
(LlnkWinds) 

Future Plans 

1. rorl to X- Windows, using OSF Molll loolkll, lor 
expansion lo oilier platforms. 

2. Implement an applications generator lo cuppoil user 
application development. 

3. Expand MUSE capabilities. 

Session Management, Floor Management, 
Telepointeis, Network clipboard 

A. Implement hardcopy and video output. 
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Dala Analysis Systems 




Data Reduction Expert Assistant 
AISR Workshop 
22-24 July 1991 


• iRAF * Image Reduction and Analysis System (NOAO) 

• STSDAS - Space Talaacopa Science Dale Analysis Sysiam (STScI) 

• UIOAS * Munich Interactive Dala Analysis System (ESO) 

• IDL • Interactive Oats Language 

• Many other systems k 


Glenn E. Miller 
Mark D. Johnston 
Robert J. Hanisch 


Space Teleacope Science Ineiliute 
3700 Sen Merlin Or. 

Baltimore. MO 21319 


Vary succssslul approach 

• wldeipreei eteirlbuiion el (heat eyeierat 

• eyeleme written for ene wavelength eatenSed to serve others 

• Incorporation el Ind#pen4eniiy developed packages 
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Oats Reduction 


The process of converting raw Inatrumantal output 
Into physics) maaauramanta 
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Philosophy ol These Systems 


• Modular operators which work on alandardltsd types ol data files 

• Command Lsnguaga to execute elngle commande or ecrlpte ol commands (In 

Interactive or batch mode) 


Advantages: 

• Flexibility tor the user: 

• 4 * * 

Individual commands can be chslned (or “pipelined") to construct powerful, 
customised procedures 

• Ease ot development: 


Wetl-dellned methods tor adding new modules. Thus many programmers and 
aclenllsla may Indapendanlly contribute lo the growth ol a system. 

Standardisation 


Uilimt . At S* Wv/likap. IrvUrr 
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Disadvantages 

• Learning a system Isn't easy 

Commends can be complei with many parameters and even experts don't 
know the entire system. Users may have to learn more than one system, 
especially II they work at different Institutions or their work la multi- 
dls cl pllnary/multl- spectral 

. Ollflcuii to capture expert knowledge 

Manuels, on line help, local gurua have drewbacka 

• Data management problem 

A lew night's observations can result In hundreds ol date tiles which must 
each pass through many reduction steps 


umm - arse wtkth»p. bmm n Mg reel S 


Expert Assistant 


4n attsmiUv approach which builds on the foundation at these systems 


Gather Information about the available dels (lyplcslty Irom hesder 
liilorinatlon In the data tiles). 

Develop a plan lor dale reduction based on the user's gosls, eclusl 
properties ol the dale and on limitations ot available resources (e g. disk 
spue v). 

Translate the plan Into explicit reduction commands tor a specific date 
analysis system. 

Monitor the plan end Us execution lor problems (eg. missing calibration 
tiles) and alert lha user. 

Be extensible to Incorporale new types ol dele reduction, new analysis 
modules and new da|a analysis systems. The Expert Assistant will provide 
users wlih loots lor ihls purpose. 

Present powerful and elloctlve user Interlace Including mouseand-menu 
graphics (which is also found In non expert systems) end natural language 
Interlace. 


«»«#» - AISH Vtotktfp. iMUir )J Mg (HI fl 
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Useful Goals - Bui can II be done? 


Yes; 

• Expert systems/eriiflcial Intelligence technology In routine use at the 
STScI lo support operations 

• Prototype data analysis assistant developed by one of us tn 1987 

• Doesn't requlro specialized hardware * the tame workstation which rune 
IRAF (e.g. e Sun 4) can run expert system software 



UUIt . 4>sa WmSi***. BttMf 
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Implemenlalion Considerations 


. Choose language suited lo symbolic processing. axporl and other 

artificial mlalllgenca paradigms 

• Ability *o construct powerful uiai Interlace 

. provida flexibility lor porllng lo olhar workstations 

• Low coal lor our users (sxlsllng data analysis workalatlon, plus minimal II 
any software licenses) 

Choices: 

. Common Llap 

Wall lesiaS Llip utility library at SfScI 
• Object Oriented (Common Lltp Ob|ect System) 


MotilT CLIMf Qlnof 


uuut . AIM nrwiaoan. r#«Mu M tnt * 


How lo Besl Involve the Scientific Community? 

Lead Users: 

• Involve scienllsla In use and Independent evaluation ol expert assistant as 
soon as possible (In addition to scientific Input ol PI and Co-ls) 


We leel that It la Impoilanl that Ibis tool be used with real data reduction 
problems as early aa possible. 


Even the Initial versions ol the Expert Assistant will be sulIlcJenlly 
powerful to pay bach the Lead Users for (heir Investment ol lime. 


uni0t - aisji tvwtf»«e. J u, r nir * ® 


Summary 


Expert Assistant will alflnlllcanlly enhance research by removing much ol Ihe 
burden ol routine data reduction Irom scientists and treeing Ihtm lo locus 
more ellenllon on the physical Interpretation ol Ihe results. II will also 
alert Ihe user to problem* encountered In (he reduction process. 


Technically leaslbla 


Innovative In use ol expert ayslems/AI technology but built on foundation ol 
existing data analysis syatams 


Protect oriented towards developing a uaalul tool lhal will run on commonly 
used systems 


An explicit design leaturo of this work la Independence ol eny pertlculer 
scientific discipline or dels analysis system/ which ellows II to be applied 
to multiple actentlllo disciplines. 
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SEjDAM j 

OVERVIEW OF THE SYSTEM OF 
EXPERTS FOR INTELLIGENT 
DATA MANAGEMENT (SEIDAM) 


by 

David O. Goodanough, Ko Fun®. Jojl Uaaka, 
Mika Robion, Cor nallua Kuihtgboi 

CANADA CENTRE FOR REMOTE SENSING 
1547 Marlvals Road, Ottawa, Ontuto K1A 0T7 


TaL SIS iSJ 2760 OR S13 952-0500 

Fai. 613-952-M73 BouMit Co Ion do 

E-mail: 0GG©CCRS CON * 
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' SEIDAM j > 

WHICH AGENCIES ARE INVOLVED? j 


ENEROY, MINES AND RESOURCES CANADA 

• CANADA CENTRE FOR REMOTE SENSING 
FORESTRY CANADA 

• PACIFIC FORESTRY CENTRE 

U.S. NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

• APPUED INFORMATION SYSTEMS RESEARCH PROGRAM 

INDUSTRY, SCIENCE AND TECHNOLOGY CANADA 
• STRATEGIC TECHNOLOGIES BRANCH 


NASA 
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SEIDAM - OTTAWA TEAM j 

• PROPOSAL SELECTED BY NASA IN NOV. H<ti THROUGH 
COMPETITION FOR THE APPUED INFORMATION SYSTEMS 
RESEARCH (AJSR) PROGRAM. 

• INTRODUCTION 

• MULTIPLE DATA SOURCES INTEGRATION 

• SEIDAM STRUCTURE 

• MACHINE LEARNING 


CCn * David Cloodanough • Principal Invaatlgatov 
Ko Funo • Co-lnvaiilgatof 

Jo)l BiMt • Co-lnvastlgato* 

Mkhaal Robaon. Cwnalkua Kushlgbot 

Alain Manard, J« an Fr angola Uaunlw, Karl Siaani 

• USER INTERFACE 


UnlvaraHy ol Ottawa 

• SPATIAL KNOWLEDGE EXPERT SYSTEM 


Sian Matwln, Oan Chaitabola 

• DIGITAL TERRAIN MODEL (DTM) ANO SEGMENTATION 
EXPERT SYSTEMS 



• SYSTEM VALIDATION 

• TASKS AND PLANS 

1 J 
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SEIDAM | 

PROBLEMS WITH MULTIPLE 
DATA SOURCES 


• COSTS OF ACQUISITION 

• COMPLEXITIES OF HANOUNQ MULTIPLE SENSORS: 

• VARIABLE SPECTRAL CHARACTERISTICS OF SENSORS. 

VARIABLE SPATIAL RESOLUTIONS OF SENSORS. 

• HIGH RESOLUTION SENSOR MAY RESOLVE CLOSELY SPACED 
OBJECTS. THUS GIVING TOO MUCH DETAIL. 

• LOW RESOLUTION SENSOR MAY NOT RESOLVE OBJECTS OF 
INTEREST. 

• OBJECTS WILL VARY IN SHAPE AND TEXTURE FROM SENSOR 
TO SENSOR. 

• DIFFERENT SENSORS MAY HAVE DIFFERING VIEWING GEOMETRIES. 
MAKING MATCHING AND REGISTRATION OF SPATIAL OBJECTS 
DIFFICULT. 

• VARIABILITIES DUE TO DIFFERENT RESPONSES TO THE ATMOSPHERE. 

• VARIATIONS OUE TO DIFFERING RECORDING CRITERIA, FORMATS AND 
STANDARDS. 


CCRS I 
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Data Sourc es} 


LANOSAT S.t 
SPOT 3 
ERS 1 
JERS-1 

NOAAMVHRR 
MOS-1A. B 


CCRS SAR (X. C • polailmatrlc) 

CCRS I4E1S (push broom tcannar) 

CCRS AUSS 

NASA air born* SAB IX. I, P - polar Imauk) 
AVIRIS, TIMS 


laauramants: 

GtS information 
OTU 

Ground calls 
Ecoiytrtm chamlat/y 
Malaorotogical data 


SEIOAM 


MISMATCHES BETWEEN GIS DATA 
AND REMOTE SENSING DATA 


• SENSOR RESOLUTION UAY NOT BE SUFFICIENT TO RECORO 
SPATIAL FEATURES USED FOR POLYGON DELINEATION. 

• GIS FEATURES MAY NOT BE VISIBLE IN IMAGES DUE TO 
NON STATIONARY Of OBJECTS |EO. CHOPS, WATEA 
BOUNDARIES. BURNS, ETC ). 

• GENERALIZATIONS USED FOR BASE MAP UAY CREATE 
SPATIAL DISPLACEMENTS WITH RESPECT TO IMAGE DATA. 

• DIFFERENT CIS SOURCES UAY HAVE SPATIAL ERRORS 
BETWEEN THEIR RESPECTIVE BASE MAPS. 

• IMAGE OBJECTS REFLECT SEASONAL VARIATIONS. 


SEIOAM | 


Object Recognition Approach j 


1. CONVENTIONAL STACK APPROACH 

1.1 maitmum Ilk allhood with or without prior probabllltlaa. 
OR IJt logistic claaatfter. 

OR 1 J laatura a« Mellon lollowad by cUaalflcatlon. 

1 SYMBOLIC APPROACH 

a.l dartva amlbutaa Irom tha minimum ttumbar ol data aourcaa. 

AND 2.2 objaci IdanUlkatlon baaad on (ha attrlbutaa. 

OA 2.3 dynamically aalact naw dau aourca II pariMily 
•uccatilul In objact tdanllftcatloA. 


NASA 


SEIOAM 


SYMBOLIC INTEGRATION 
APPROACH 

• KnowMdga- Baaad Uaihodology 

• Ob }*ct Orlamad approach 

• Objacta are aroupad Into an hMrarchy according lo tha ataa 

ol rtcognhlon Irom imagary 

• AvaHabM data sourcaa ara rank ad and sataclad automatically 

to darNa attrlbutaa raqulrad lor objact racognitlon 

• Allrfeutaa ara darhtad Irom lha optimum data aourcaa on an 

aa-naadad baala 

• Ob (act Inaiancaa ara dlaamblguatad by tha uaa ol daiivad 

allrlbutaa from aaMciad dais aourcaa 

• Tha aaarch apaca la limhad by pruning unilkaly Inaiancaa 


NASA I 
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SEIDAM \ 

Spatial Knowledge: OBJECTIVES j 


1. Develop spatial Information acquisition mat hods end system: 

bwestlgaUon ol Neural Networks capability: 

Spatial information esirscllan. Uuttl sensor dal* fusion 
Gala abstraction methods lor high r« solution apacusl data, 

Image Indeilng methods. 

kit egret km ol PUal swepplng fuvcliona lo image computing system. 

2. Develop an opart system lor spatial Inf or me lion analysis system 
embedding or linked with newel networks and plael swapping I unci lone. 

1 Collect epetlel knowledge observed In remote sensing data and craaia 
pUol knowledge bases. 

4. Validate sputa! knowledge acquired for remote sensing 
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SEIDAM j 

SPATIA L KNOWLEDGE EXPERT SYSTEM | 



Preprocessor 

Linked wUhN N 
Feature conver akin 
Spatial knowledge acquirer 
Spatial measure animation 
Spatial maaaura organizer 
Spatial knowledge manage 




Inlarlaca manager: 

Spatial Query handling 
Spatial knowladga presentation 
Knowledge librarian: 

Spatial knowladga description, Indaalng and retrieve 
Poat processor: 
claasUiar 
nolaa ramovar 


pradlctor 
Intar la 


faces to other a apart system: 

Import and Eiponialavan! Information to other aipart system. 


NASA L 
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DTM EXPERT FLOW | 

1* estlmal# the Terrain type 

2- estimate Satellite Image accuracy 

3- estimate DEM accuracy 

4- do Terrain Correction 

5- Resample DEM 




CCRS 



r 


SEIDAM 


CONCLUSIONS FOR DTM SYSTEM) 


• Elevation. slope and aspect Irom OTU Improve 
signdicantty object recognition accuracies. 

• Expert system srmptf as uses o4 OTU 

• Expect sysla me otfsr Uw posutuMy o I distrtouted, 

naional accasa to DTMa Irom provincial and federal sources. 

- DTUi art essential tor routu source Integration. 

• Expert prototype successful/ tasted w«h image 

and OEM ol mountainous terrain in 8 C. 

• |n Ifij kiftift: ganeraia revised accuracy estimates 

tor each pair* in the OTM 

Adaptive arid sue with OEM 
lor Slope i Aspect general cm 

NASA I CCRS i PFC J 
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SEGMENTATION Introduction 

SEGMENTATION Is a complex process with knowledge 
distributed over several levels ol the recognition procedure 


♦ Users are unfamiliar with the many Issues to be considered 
in choosing the best edQd operator, the best segmentation 
method, sensor characteristics and (ha most appropriate 
spatial and spectral features. 


“♦ Expert Systems can simplify access to 
this powerful but complex process! 
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SEGMENTATION CONCLUSIONS 


• Tha aipart sy Ham timpldlaa and spaads 141 tha 
lagmanlation procast 

• Graat advanlaga ova* standard programming 
tachniquai: 

• our prototypat baing lnoorporatad Into an opa rational tyalam 
tor tagmtntation. 

• InlaOganca* ot our axpart la u«ly Improvad with 
naw knowladga as toon at It bacomaa avatabla 
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WHAT RESEARCH WILL BE DONE? 


WHAT METHODS SHOULD BE SELECTED TO ANALYZE 

REMOTE SENSING AND CIS DATA IN ORDER TO MONITOR A FOREST? 

1) AUTOMATED METHOD: 

• SEGMENTATION OF THE CIS 

• INTELLIGENT SELECTION OF HISTORICAL GIS DATA AND 
ATTRIBUTES 

• ESTIMATION OF CIS LABEL ANO BOUNDARY ACCURACIES 

• SEGMENTATION OF THE REMOTE SENSING DATA 

• ENDORSEMENT METHOD LABELLING OF SEGMENTS TO 
CREATE NEW FOREST POLYGONS WITH IMPROVED 
ACCURACIES. MORE CONSISTENT LABELS, ANO CHANGED 
AREAS IDENTIFIED 


SEIDAM 


CONCLUSIONS #2 


• Wa till ntad to work on GIS updating procasa Iron* 

tag manta ol ramotaty sansad knagat: 

• Sagmantation par am at art? 

• tmprava tag man* classification 

• Establish RULES lor I aba king tag m ant ciattas Irom 

- Ruiat to modrfy OIS polygons bom datttilad Imaga 
aagmanla? 

• Eiptrl lo ba tastad on tavaral loratt irrvantory map* 
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WHAT RESEARCH WILL BE DONE? #2 


2) Bi PROVE EXISTING METHODS FOR FOREST INVENTORY: 

■ • TOPOGRAPHIC CORRECTION OF SATELUTE DATA 

• FOINT TO AREAS OF CHANGE 

• AUTOMATICALLY SEGMENT AREAS OF CHANGE 

• ESTIMATION OF GIS LABEL AND BOUNDARY ACCURACIES 

• INTERACTIVE CREATION OF NEW ROAOS 
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HOW WILL SEIDAM BE TESTED? I 


THE PACIFIC FORESTRY CENTRE AND CCRS ARE SELECTING 
THREE TEST SITES. THREE NEAR WVERMERfi. BRITISH COLUMBIA 
AND ONE ON THE WEST COAST. OATA COLLECTION FROM AIRCRAFT 
ANO SATELUTES IS BEING PLANNED FOR THE SUMMER OF 1992. 

CCRS HAS PREVIOUSLY COLLECTED OATA OVER THE INVERMERE 
SITES. THESE DATA HAVE EXCLUDED SEVERAL YEARS OF TM. HRV, 
UOS-1. AND NOAA AVHRR. AIRCRAFT DATA PREVIOUSLY 
COLLECTED INCLUDE CCRS SAR, AVIRI3. MEI3, ANO AMSS. MORS 
THAN ISO FOREST INVENTORY CIS FILES HAVE BEEN ACQUIRED. 
DTU3 CORRESPONDS TO THE TEST SITES HAVE BEEN OBTAINED 
FROM FEOERAL AND PROVINCIAL SOURCES. 

SEIDAM WILL BE TESTED AT CCRS, PFC, AND POSSIBLY NAS A- ARC 
FOR THESE SITES AND FOR OTHEfJ REMOTE SENSING DATA. 

SOME INDUSTRIAL CONTRACTORS MAY ALSO CHOOSE TO 
EVALUATE THE SEIDAM METHODOLOGY. 


NASA I 
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HOW WILL SEIDAM BE TESTED? #2 1 


CCRS HAS CONDUCTED FIELD WORK N THE ROCKY MOUNTAIN 
TRENCH PREVIOUSLY. 

FOR AIRCRAFT CAUB RATION, OPTICAL MEASUREMENTS OF LAKES 
AND HOMOGENEOUS TARGETS ARE MADE ANO SAR CORNER 
REFLECTORS ANO ACTIVE RADAR CALIBRATORS ARE DEPLOYED. 

A GRID OF MARKERS IS LAIO OUT FOR UUL TVSENSOR REGISTRATION. 

ECOLOGICAL SAMPLES WILL BE TAKEN WITH THEIR LOCATIONS 
DEFINED BY GPS GROUND EQUIPMENT. MEASUREMENTS WILL BE 
MADE OF CHLOROPHYLL NITROGEN. LIGNIN ANO OTHER CHEMICALS. 
THE WEST COAST SITE HAS AN EXTENSIVE tiSTORY OF ECOLOOICAL 
MONlTORlNa 

WHERE POSSIBLE. CPS POSITIONING WILL BE USED TO OEFtNE 
AIRCRAFT LOCATION. 
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Artificial Intelligence 
Research Projects 
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IPHRES 


(System of Hierarchical Experts (Photo Interpretation Keys 
lor Resources Inventories) Expert System) 


(...until March 1993) 


[(April 1991 - March 1994) 


SIEHIBAM 

(System of Experts 

for Intelligent Data Management) 

(January 1991 • January 1995) 


NASA L 


CCRS L 


SEMAM SOFTWARE STATUS 


More lhan 44 expert eysteme created; implementing Mold Interlace lor 
liter Interlace 

Ported Sh«l and Expart Systems to Unix 

Ported She! and Expart Systems to other platforms I Sun. Macintosh...) 
Research, develop and Integral# new Expert Systems 

(Segmentation. Digital Terrain Model, Texture, Spatial Knowledge. 
Endorsement label Eng with fuzry methods. GIS input / output, intelligent 
land Information system, forest productivity and monitoring, etc ) 

kvjarjaca Expert System and RDBMS (through INGRES. C. Prolog and 

Plan knowledge acquisition expahmants lor SEIDAM validation 
Integral# Object Oriented Dalabaaa 

Use Machine Learning to accelerate the development ol new Experts 


CCRS » 
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PRINCIPAL INVESTIGATORS PRESENTATIONS 


THE SCIENTIFIC MODELING ASSISTANT: 
AN ADVANCED SOFTWARE TOOL 
FOR SCIENTIFIC MODEL BUILDING 


Richard M. Keller/P.I. 
Michael H. Sims/P.I. 
NASA Ames Research Center 
Moffett Field, CA 
(415) 604-3388 
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NOTES: 
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• Study existing scientific modeling software 

• Design tool to meet scientists' needs 

• Reimplement models with our new modeling tool 


Initial Focus Areas 


Planetary Atmospheric Modeling: ( 

"Titan Greenhouse Model* (C.P. McKay, NASA Ames) 

Earth Ecosystem Modeling: 

"Forest BGC* (S.W. Running, U. ol Montana) 
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Problems: 

• Labor Intensive 

• Difficult to understand, share, and modify 


Root causes: 

• Scientist - programmer II 

• Wrong level of abstraction 

• Implicit knowledge burled 


Potential payoffs: 

• Improve scientific productivity 

• Foster scientific communication 

• Disseminate modeler's expertise 


The scientists* plea: 

* Spare me the programming details I" 


• Variable declarations, storage allocation 

• Scientific units bookeeping & conversion 

• Data structure manipulation & management 

• Documentation 

• Symbolic manipulation 

• Interfacing with scientific datasets 

• Numerical programming: 

ODEs, Integration, Interpolation, convergence 

I 
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• Library of relevant: 

* data sets 

• physical variables 

* equations 

• Mechanisms allowing user to select and apply 
equations to data and compute new physical 
variables 

• Model/data display features: 

# data dependency network 

• plotting/graphing facility 

* tabular display 

• Model management environment: 
multiple models and multiple scientists 
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n A. Project Introduction 
Jl . Problem & Approach 
73 . Case Study: 

Modeling planetary atmospheres 
lOP* 4. Summary 
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• Completing development and evaluation of 

first prototype 

• Redesigning system Interface and Internals 

• Adding additional domain knowledge 

• Moving toward more portable system 

• Investigating other domains: 

Ecosystem modeling 


| Major M ilestones^ 


• FY 1991: Completion and evaluation ol Initial 'alpha* prototype 

• FY 1992: Design and Implementation ol a 'beta* version 

prototype that will be used by a small group 
ol atmospheric scientist-users 

Begin development ol ecosystem model 

• FY 1993: Enhance system and make available to a group 

ol Cassini Mission scientists who are involved in 
instrument design 

Make system available to ecosystem scientists 


«<«■ iihi 




THIS PAGE LEFT INTENTIONALLY BLANK 



- '"S' Ji 

PRINCIPAL INVESTIGATORS PRESENTATIONS 


DATAHUB 

KNOWLEDGE BASED ASSISTANCE FOR 
SCIENCE VISUALIZATION AND ANALYSIS 
USING LARGE DISTRIBUTED DATABASES 


Thomas H. Handley Jr./P.L 
Jet Propulsion Laboratory 
Pasadena, CA 
(818) 354-7009 


Donald J. Collins/Co. I. 
Richard J. Doyle/Co.L 
Allan S. Jacobson/Co.I. 



APPLIED INFORMATIONS SYSTEMS 
RESEARCH WORKSHOP 


NOTES: 
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DataHub 


Knowledge-based Assistance lor 
Sciatic* Visualization and Analyala 
Using large Dlstrlbulad Oatabasea 


It no 

Data Uanagamant T. Handley (PI) 

P. U 

Science D. Collin a (CO-1) 

A. Tran 

Eiparl System* L Falcon* 

Vlsuallxallon B. Jacobson (CO-l) 

U Wad* 

Research T. Uaddoa (Summat Faculty) 



4 ~ 



i«iv it-ts isai 


THH 


JPL 

Objectives 

• Sclantllle Data Uodala 

• Data driven analyala. 

• Data transformation* 

• Data aamantlca 

. Analysis-related knowladga about data 

• Data dlacovary, Ingestion, attraction, ... 

• Sell-descrlblng data slructuraa 

• Intalllgant aaslalanl ayalam(a) with aoma knowladga ol data management and 
analyala built-in. 

• Usa ol matura axpert aystam tachnotogy to aid aiploralory dale analysis, l a. 
atpart ayatama, neural nata. classlllcailon ayalama. 

• Capture and ancoda knowladga about the data and Ihalr associated processes. 
Encode aclantlllc knowledge Into the routines, procaasas and procedures. 

• Provide dale management earvlcaa to aiploralory data analysis apptlcatlon(s) 
l a. LINKWIHDS. 

inly «»1 itli 
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Oats Repraaanlallon 


tflfllctl Vim 
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* Eaamptaa: 



Oc««n I*mp4rili#» DM* HtAJS DM* 
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Logical Access Methods 

Salacllon Operators 



Rang* aalsctton for ona or mora Indapandanl varlabtaa. Required con|uncllva 
condlllona for «-li dlmamtona ( n-dlmanalonal data, kdlmansfonal display). 

* dl < Oaplh 4 d2, whara Tima • II 
- II < lima 4 12, whara Oaplh * dl 


• Enumaralad salsctlon for ona or vnora fraa varlabtaa 
- Tima ■ | II, 12, ... tn | 


• Salsctlon lor lha dapsndant varlablaa 

• Tamparatura > 20 dagrea-C for Tamparalura Oalaaat 

• Fraquancy > 26 tor Flag Dalasal 


jwi r it as i«ai 
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Preliminary Software Architecture 



J«lf till till IHH 
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LlnkWtnds 


• Modifications and addlllona to LlnkWlnds mada In support ol Itila activity. 

• Size limitation on Ingested databases wars rsllsvsd to accommodate the 
oceanographic data. All applications were allecled. 

• An Inlarlace to NCSA's Hierarchical Oata Formal (HDF) was Implemented. 
Methods ware pul In place to convert from other standard formats to HDF. 

. Design of databases eichange protocols and Interlace between LlnkWtnds 
and DalaHub was Initiated. 
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An Interesting Situation 

{Summer Research Fellow) 

• Exponential Increase In volume ol data. 

• A reduction ol domain specific analysis expertise. 

• The loss ol andJor delay In the discovery of knowledge. 
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An Intriguing Solution 

(Summer Research Fellow) 



• The development of Intelligent assistant systems with some knowledge of data 
management and analysis bullMn. 

• LlnkWtnds: allowing users to select data sources and link them with various 
transformation procedures that analyze and display data. 

• Graphical Repressnlstlon of Knowledge (QROK): nodes and links (graphs) sre a 
useful visualization of the grouping end ordering of general knowledge. 

• Science Analysis Assistant (SAA): an embedded formalism lor advising 
scientists about the salience of data. 

• The goal Is to reduce the difficulty of msnaglng or exploring complex or terge 
detesela or knowledge bases. 
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Our Hypothesis 

(Summir Research Fallow) 


A high laval ol sollslactlon with tlnkWInds: maybe bacauaa It la a comfoitablo 
reflection of the dais anafysla skills and procaasoa of lla development team. 

Ihe combination ol procedures linked by the user can laad to the Identlllcallon 
ol Interesting features ol the original dataset and Ihe possible discovery ol new 
knowledge. 

Emergent behavior seams to be • result ol the linking process which Is driven by 
the user's domain specific and general knowledge and experience. 

The process ol dais analysis Is wall-represented by a graph ol connected data, 
analysis snd display procedures 


aa is isst 




JPL 


Research Objectives 

(Summer Research Fellow) 



• Investigate how Information from 1) the original data, 2) analysis and display 
procedures and 3) Ihe user may be combined to facilitate knowledge discovery 
In a dataset. 

• Explore Ihe development ol algorithms which represent how Information 
regarding analysis goals and hypotheses, transformation procedures, and 
metadata may be combined to facilitate Ihe discovery ol knowledge. 

• Seek to develop dataflow representations ol Ihe Information between Ihese 
sources. 

• Characterise Interaction dynamics ol Information top-down In a goal-driven 
manner Irom lha user lowards lha data and the analysis and display proceduraa 
and bottom-up In an avanl-drlvan manner. 

• Usa resulting metadata to charsclerlto and classify tho analysis and display 

> Classify lha cooperative or competitive Information llow dynamics. 
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Possible Outcomes 

(Summer Research Fallow) 



• Salience measures which are locally Inlereallng (Irom dale perspective) ami 
globally Inlereallng (from Ihe domain specialist's perspective). 

• Concurranl data exploration paths. 

• Experimental trials 10 determine II algorithms tallhfully represent user 
prelarances and goals. 

• Machine learning techniques used lo ganaratlxe data analysis algorithms. 


jHif mi tati imh 







ORIGINAL PAGE IS 
OF POOR QUALITY 


* 



J«ly tin (Ml 



Sclenca 

The pitmsry productivity el phytoplankton m lha ocean la largely responsible ler lha assimilation 
•t carbon Imo lha oceanic environment and ihua In pari lha removal al caiban Irom lha atmosphere. 
Bacauaa lha ocaan la thought la ba a primary sink lar aimaapbarla carbon, lha baain wide and 
global dlalnbullon at oceanic primary productivity Is al central Importance In lha global budgal al 
carbon. To undaraland lha global productivity ol lha acdtns. lha Intaractlona between lha phyalcsl 
and biological structures mual ba known. Th* bklogkal populailon ol lha ocaan la highly varlabls 
both apatlally and temporally on all lima and apaca acalaa. Tha global naluia ol Ihla problam than 
raquires lha uaa ol latailita Intirumaniailon aa lha only platform capabla al providing covaraga an 
lamporat and apatial acalaa lhal aia approprlatad 10 lha aaaaaamani al carbon this into |ho ocoan. 
Tha goal ol thia raaaarch la la Incraata our undaralandlng al lha aourcaa al variability mi lha aaa 
U provida a mata accurata assessment ol ocaania productivity Irom acoan color Imagery. Iho 
ob|aciivaa of ihla raaaarch aro lha doacrlpllon al lha apaiial and lamporat dialrlbutlona and 
variability of lha planklonk community In lha aaa and lha primary productivity ol lhal communliy. 
To achlava ihaaa ab|acilvoa. ramaialy aanaad data ol lha apaiial and lamporal dlairlbuikna ol 
plgmanl concentration. lampaialuro and Ineldanl biadlanca M lha aurlaca ara uatd la provida a 
description ol tha aaaaanal vailabliliy al lha walar column primary productivity m tha north 
pacitlc Ocaan and la eapiore lha rpatlal and lamporal dlaUibullana al phyloplankion blomaaa and 
primary productlvliy In lha equatorial Pacific Ocaan upwelUng area and In lha allQaliaphlc central 
tactile gyta. 

To provida an undaralandlng ot lha global llua ol carbon through lha uppar ocaan Into lha ocaan 
bottom aadlmanlf. lha JGOFS altering Commlllaa baa Idantlllad lha naad *or both llma-sarlaa and 
procaaa onrnlad regional sludtaa to aiamlna tha spatial and lamporat distribution ol th« physical 
and bioiagtcai parsmatata with datarmlna lhal llua and hivo tnillaiad ragional aludlas ol lhaao 
procaasaa. A ragional study has btan dallnad lo daacribt Iho rata al lha north Pacific Ocaan in Iho 
global llua ol carbon. Tha equatorial Pacltk haa baan salactad lor lha klanalvo procaaa orkniad 
study up walling procasaas in Ihla roglan. and a llma-sarlaa study at tha oligotrophia canttal 
Pacific gyro has baan Initialed wlih lha Hawaii Ocaan Tlma-Sarke study *1 lha AlOllA aria. 

Jwif n il tasi ,HM 


o 

Ui 

o 


JPL 


Science (confd) 

lha Paclllc studies require o much broadar conlaal in which lo inlarpral lha maaiuram.nis 
provided by lha llma-setke and procaaa orkniad aludlas- To addraaa lha broadar comaei. 

SSlatliia imagery can provida o daaerlptlon ol lha spatial and lamporal acalaa ol lha b.oloqicel u»».j 
physical procaasaa and Ihalr variability, Including changes In walar mast, mcidanl rrrad.ance. 
nuirlania and lha consequent lormallon al blooma al differing specks of marina phyloplankion jm.i 
baclaria We will uaa o lima aarlaa ol CZCS Images el tho atmospheric aerosol and ptgmrni 
distributions lor lha north Pacilk Ocaan. dallnad lo Includa Iho Equatorial lagron. e.lendmg lu 
20*9 lo study lha seasonal variability al primary productlvliy. This dale will ba combined w«lh 
time aarlaa ol Iho UCSST product form lha aaa aurlaca temperature and data ol lha distribution ol 
•urlaca wind speed and almasphaila cloud distribution* 10 produce a local climalology ol the 
equatorial and sub-aril* norib Paclllc ocean. Ihaaa lima aarlaa will bo a.amlnad to determine tha 
apaiial and lamporal • I all* Ilea al productivity, Including tho Intennnuol vatiollons lhal occur m 
Iho productlvliy caueod by varlallona In lha phyalcal environment 

Tho roglonal Imagery Irom lha noilh Paclllc will provide an htslorlcat conlaal lor the continuing 
study ol Ihla raglon. Par tha doacrlpllon al lha aaaaenal panama ol primary productivity, 
composite anapa will bo gonoralod Irom Iho Individual acanoa produced Irom lha CZCS archives, 
lha goal ol Iho composites la la provide a seasonal description al tho productivity ol Iho region 
and la preserve lha lamporal cheractar ol data lhal Is fundamentally episodic in naiuro. two such 
mapo will ba produce. Including maps al lha total productivity, computed Irom iho aurfaco 
Irradlance and lha walar column plQmoni eontonl through ■ modal described by Collins, at al, 
lilt, and al tho carbon llua through a modal under development by MitcheU. al al., 1**1 lha 

modal Ol total productivity permits Iho computation al lha total carbon assimilation by 
phytoplankton In |h# acoan, while iho modal tor iho carbon llua estimates lha fraction ol iho loiel 
carbon aealmttaied lhal la removed Irom iho aurlaca mlaad layer through procaasaa which 
canutbui* ta lha uptake al COl from lha atmosphere. 
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Ihla lath will idlitu iho Iimi ol Iho assessment at pigment eoncaniraiion. and ol iho radianco 
leaving tho as* aurlaca, aonireHad by lhal plgmanl aenconirailan, lor a daiaaat that la 
lundamanialty dalklenl *1 data In certain region* *1 apace and tlm* bacauaa Ol environmental and 
operational laelara. To M»"»« 'hi* aaaaaamani. data Horn tha sta-aurlace tamparaiura. aurlaca 
winds and aloud amount wUI bo uaod. together with tho lamporaily and apatlally ad(ac*nt pigment 
data to Intorpolaia Iho CZCS data Hold* ** * moana *1 aaiimailng lha loial plgmanl hold. The 
Inlorpolaiad pigment liolda will then b* uaod lo provide lima aarlaa astlmatoa ol iho pigmam and 
primary productivity Iklda In Iho Sludy area. 

H la ecaanllat I* ua* erlllklal Inlalllganc* technology far tha mullldlmanslonal Inlorpolaiton and 
aalrapolailon of th* pigment dal* llalda bacauaa fundamental phyalcal and biological descriptions 
el lha dais Iklda have baan Intulllclanl in the past I# describe lha davolopmanl el these lialda m 
space and lima. Tha statistical doacrlpllon provided by |h* use ol At technology will enhance out 
ability to predict lha davolopmanl of lha*# llalda through Iho uao ol thoso techniques to aaaaai 
Iho rolet ol each *1 lha physical parameters In me development ol Iho plgmanl field* in *paco and 
lima. 

With tha davolopmanl ol properly Interpolated and eslrepolaied llalda, estimates ol tha net and 
total primary productlvliy will permit an assessment ot Iho carbon llua In tha aqualorlal Paciltc 
ocaan. These concepts wlU b* aatondad lo provide an aassaamonl ol lha not llua el carbon Irom 
Iho aimoaphar# Inle lha acaan* on an annual basis. Our preliminary tstlmaias ol Ihla quantity are 
12 Qtona Carbon per year bated on oatlmalea ol tho walar leaving radiance and a regression ol 
walar leaving radiance and carbon llua batad on work by Uiicheit. al el., 1911. These aaiimaioa 
will ba refined through a baiter estimate al the pigment eoncaniraiion and thus ol lha water 
leaving radiance. 
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UnkWInds 


in* near lain* ob|ect it la Ingeet. at will, a !•»«• aurnbar el dalaseU related la !»• databaaag. 
Itiaae aia the Mull I Channel Sea Surface Temperature (MCS9T) data which are global ocean 
temperature m. Mu.em.nl*. and lha Caaiial Zone Cola. Scanner (C2CS) dale which measure ocean 
biomass Once these data are ingested kilo UnkWInds. He leola can bo used lo study lha 
coff.laiions between ocean temperature end blomase. 

lha oceanographic dal which ere lha »ub|e«| ol our near toraa studies ere larger than 

datasets previously used In llnkWInda. The UCSST date la cempoeed el two Imeget measuring 
30«l> 1024 pUsfs, with Id bite per pf*«l- One Image le the date liaalf. and the eihei Image gives 
a measura ol lha quality ol Iho data Imags an a pleat hy plael bails. Thseo dais sslil on s weekly 
basis. lha CZCS dels Is mulllspacUst images In llvs channels, each ol • bill tange. There Imagea 
also measure 204MIO2I and aslsl on O wookly basil, as woH as In monthly composite term. 

For Ingestion, eM data baa boan tranelormad 10 Iho Hierarchies! Oslo Format (HOF) devoiop.d at Iho 
Nalionaf Canter lei SupaicompuUng Applications (NCSA) at Iho Unlvorally ol lllinals. IlnkWInda 
arm be modified lo wad (hit standard data laimel. 

Because ol the lergar sire ol thoso detains. Iho Ingaiilon process la taking place in two slagee. 
For siego on# the dais ato being subaellsd M* MlaltO p*«el Imagea and pul Into HDf Isrmal. 
Preliminary design and coding lo road this data Into Iho Link Winds envlronmenl le undo# way now by 
Philip II, and la osllmaiad to bo done In oboul two week*. Once Ihle la accamplishad. Iho leola and 
controls ol link Winds can ba Immsdlsiely applied lo Iho study ol iho data. In preparation lor 
•tags two. all tool, and Controls ol UnkWInds aro being redesigned end modified 
arbitrarily leioe Image sires. The coding lor those medlileeiion* la being dona now by MHch Wade. 
Concurrently, user Interlace modifications Is allow the user to road arbitrary HOF Dies will be 
developed as e collaboration between Philip U. Mitch Wedo end Martin Orton. Once these lube at* 
completed, end lha dels In Na fulls .1 form can bo road and studied, than wo will concenlislo upon 
modifying Mining correlational toots, and developing now ones to oatond Iho studies at these 
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Summar Faculty Research - Dels Knowledge Isauea 


One result of on exponential Increase hs volume of dal* and * reduction of domain specific analysis 
•■perilso la a lass or delay in the discovery ol knowledge. Such delays or leesas ceuld mien 
performance degradation or critical system (allure, which could bo very expensive. Machinal may 
bo eblo provide some assistance in various data Management and analysis tasks. The development 
at such Intelligent assistant systems wIM require that some knowledge ol dais management end 
analysis be acquired or buili-bi lo them. How should this knowledge bo lepreienlod In a lorn that 
may bo used by a machinal 

An exploratory data analysis system. llnkWInde. bee been developed at lha Jet Propulsion 
Laboratory (JPL) of the California Institute of Technology I* help sciential! Irom various 
disciplines discover new knowledge Irom data. UnkWInds allows hs user to select dais rourees 
and link Ihsm with various transformation procedures lha« analyse or display dale. LlnkWindt Is 
one ol at least two other elfotis al JPL (Graphical Representation ol Knowledge (GROK) and lha 
Science Analysis Assistant (3AA) whess objectives are I* reduce the dllllcuHy ol managing or 
exploring complee or largo datasets or knowledge bases. 

Scientists who hevo used LlnkWInde ore very aelislled with Ita HailhllMy. They can manipulate 
color map! end combine, or link, other features such as "sliders", crosshairs, and graphs lo support 
Inter active manipulation ol deli lor oaemfnatlon. thus oesMr changing the topology of deto. 
analysis snd display windows and links. One reason tor the high lovel of aailslactlon with 
LlnkWindt may ba becauta H Is a comfortable lollecilon ol the date analysis skills or processes ol 
lie experienced development team. llnkWInde supports lha Horallvo transformation of dais through 
a search process where the results of each iteration are interpreted and Iho search stops or la 
redirected whan soma salience level la raallrad. 
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Summer Facully Research - Data Knowledge Issues 
(cont’d) 

The visualisation tools snd snelyaie procedures In UnkWInds further help constrain the search by 
allowing data Iranalotmeilons lo ba represented by color, animation, or olher vtsually peicepiitii.- 
features. Iho combination ol procedures linked by Iho user esn lead lo the idenliticauon ul 
Interesting la slurs s at lha original dataset end lha possible discovery ol new kno«Ud<)* Ihr- 
emergent behavior seems to ba a rerun of Ih* linking process which Is driven by the utci s dun.. *-»» 
spocilie and general knowledge and aspailenco. 

Soma of these same Ideas are embedded In GROK. Specifically, GROK’s design asserts Ihst node* 
and link* (graphs) era a useful visualisation ol the grouping snd ordering ol general knowledge 
Grouping snd ordering may bo laemistad by "sipping" of connecting disparate knowledge eitmeni* 
upon which Inferences may be made. This la almllar to semantic networks whets s graph with 
■ pedalled links represent Iho aamenlfc relationships between objects (nodes) at lha graph Suih 
networks era hierarchical and class Inheritance le olitn a characteristic ol nodes in me graph 
Much ot the connedlonlil and erllllclel neural network research Involves linking nodes thel ad n 
simple computing elements In a similar fashion. Research It In progress lh*l will use the GIKik 
architecture to connect dlsifibuled dell Sources and analysis routines wllhfn and between mac ft mo 
heels on a shared computer network. 

Wo assume lhai the process ol data analysis la wsIMeprssenisd by a graph ol connected dele, 
analysis and display pracedures. Our objective la lo Invesitgelo how Information Irom 1) lha 
original data, 3) anatyela and display procedures and )> the user may combine lo laciiiuie 
knowledge discovery In a dalaeal. the original data roprasanta an event Miioty ol the spinal end 
temporal conditions of Iho dell acquisition environment. Partitioning the dele info subsel* on the 
basis ol spatial, lemperel. or other physically or logically relevant grouping end etdenng features 
la essential. The anatyela and display procedures embody a priori translormeilon. reduction, and 
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Summer Facully Reeeerch - Data Knowledge Issues 
(cont'd) 


abstraction inlormallon needed t* raconflguro Ih* original dataset. Combinations #1 (here 
procedures can bo inora useful that Ihey are Independently. Again, this Is an etampie of collective 
emergen! behavior. The ueer has the aspstlenc* necessary lo link knowledge ol domain dependent 
goals and hypotheses, analysis and display procedures, end fho source dale le drive exploratory 
date analysis. Visual feedback Irom lha Ireneloimeilon processes allow the user to decide H the 
reeuN •ellsllo* relevant analysis goals and hypotheses. 

Our Invetllgellon wlH eiplore Iho development of algorithms which represent how information 
regarding analysis goats and hypotheses, trantlormaflen procedures, and melldeie may be 
Combined lo facllllSlo Iho discovery ol knowledge. We believe that much ol the users' domain 
knowledge Is embodied In ihe t) dimensionality and 2) directionality of Ih# links between the djta 
snd various Irenalormellon procedures. The semantics ol the users* domain knowledge t* 
represented by these links. Often, lha user Is not aware ol many ol Ihe analysis and display 
methods which may assist dale analysis. We seek lo develop dalellow representations ol lha 
Inlormallon between these sourcaa. 

Another research objectives Is to characterlie the dynamics ot lha Interaction ol information 
Some Information ffowt lop down In a goal-driven manner from fho user towards the date and me 
anelyals snd display procedures. Olher Inlormallon flows botlom-up In an event-driven manner fly 
using pattern recognition, Inlormallon theoretic and other statistical methods, resulting metadata 
may help characterise Iho enetyale and display procedure* relative lo Ihe How ol •nlotmalion 
Object-oriented software engineering techniques may allow us lo classify these procedures as 
well as lha coeporallv* or competitive Information How dynamics. 
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Summer Facully Research - Dale Knowledge Issues 
(cont’d) 

Itopalully, ih# result ol aur woik *111 be a Sdinei Analysis Assistant wHhin llnkWIndi of GROK 
that may ba capabia ol advising a aclantlai on way* to oubaal • largo dataset on the biala at 
aalianea measures which aia locally Interesting (from a daia perspective) and globally Imaraaimg 
(Horn the domain apactsttet’s p*<spsctlv*|. futuia taaaatch Uauaa Includa l| lha poaalbiy 
•uggaaitng physically or logically cancurrant data alteration pallia at Interest la lha user, 2) 
aaparimanlal iriala la daiarmlna N our algorithms lalihlully rapraaani utor pralarancaa and goals, 
and 1) lha application al machine loarning lacbalquaa In an attempt la gonarallia aur data analysis 
algorithms. 
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Experl System* 


(ntei potation piobisma piaaant challenges ocroaa aclanillle dlsalpllnes. The oceanographic domain 
ptaaanta 1 rich aal el dale parameters tbai must ba clustered and cambinad la build an 
Inlarpolatad iniaga. lha lima required la construct lha Intarpolalion la Inhibllad by lha 
computaitonal raaourcat needed la find a comprehensive corralallen avar lha antlra sal. 

Artificial Iniailiganca Al will aupport this allert by combining lha data sals using tUia al lha ail 
machlna learning lachnlquaa. Leverage at IM« lash Is provided by lha Sclanilllc Analysis 
Assistant SAA funded under Coda RC. Together theta pta|acls era InvaallgSlIng how machlna 
teaming techniques can sails! scientists with sillclani dais ingssllan. 

proof el Concapl Was/ Term Qo§l» 

. fwaluate and Compare Machlna Learning lachnlquaa 

0101 

Palatial Dlslrlbulad Precasting POP Halwarho 

AuiaCfass 

. Apply Saleclsd Tachnlqua and Tail Parlormanca 

Apply lha selected machlna teaming algorithm la Iwa Ihlrda al lha data sal 
and Iasi lha algorithm peilormance an lha remaining ana third ol data. 

Solution Long Term Go alt 


Apply Proven Technique 

Produce lha Interpolated lma< 


Compare Parlormanca 

Measure lha parlormanca al machine learning algorithm application to conventional 
techniques. 
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Expert Systems 

(conl'd) 

Neural network algorithms share a common tasiuro that sals that* apart Item conventional 
lachnlquaa. They work wall with non linear systems. The ecsan scianca domain pitisnia an 
Interpolation problem that combines tempers! and spollel considerations. Long known lo follow nun 
linear behavior these parameter* era conventionally modeled with linear approaimaiion technique* 
We have Isolated a problem and selected a tachnlqua t» demonstrate the performance ol advanced 
computational methods an th* non-llnoar domain. 

Problem! Dalormln* lha ralsHonshlp balwaan aaa surface temperature and chlorophyll amount over 
lha Hawaii ocean time aortas (HOTS) sit*. Use lha derived letettonshlp to inter 
chlorophy* maaouiaraonia under cloud dale given aaa surface temperature measurement*. 

Technique: Anar comparison *1 claaaitlcallon algorithms such as GI03 and Auleclaal. a beck 

propagation ns mat net was chosen because M bast supporta continuous dais types, the 
back prapagallon algorithm was modified lo produce real-valued Instead ol binary output 

f apartment: Input Id lha neural net li • sat al spatial and temporal tompatalura maaauremanls. 

Outputs MS twd vtsibts wavelength maatuiemants used to calculate the cMoiephylt 
measurement. Plisls (ram th* Image which are net obscured by clouds sr* selected lor 
Input I* th* network. Two third* el lha data set Is ussd le train lha nsiwork. Th# 
remaining an* Ihlrd Is used lo lost the network parlormanca. One# optimal network 
performance Is achieved, th# data originally obscured by ctoude will be interpolated with 
lb* trained network. end spatial and temporal tamparsturo measurement*. 

Ilatuet Training and leafing *1 the neural nal la underway. Th* network has bean trained la a 
•0% confidence level. T# Increase this confidence measure w« will us* principle 
component analysis technique* la tlllsr th* most Informative dale spattelly end 
temporally. Addition ol Ihl* Ihla technique will minimise Ih* number of Inpul nodes and 
a* salmis* Ih# inlormeilon canlanl par nddo. 
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Data Management 

Currently available database technology la largely designed let buslnaaa date processing 
applications, snd aaama Inidaqust* lor sclanilllc application*. Thla HIQP Is addressing th* 
following Issues Ih sclanilllc data management: 

L Sclanilllc Daiabaa* Medal* 

t. Data lormsl (usage at fnala-dsla ambaddad In dates*! headers, date conversion that 
preserves data validity, data formats lor tflltaranl analysis methods, ...| 

2. Oslo semantics (meaning el data values, relationship balwaan dalasalt, discipline- 
dependant data accea efenoly sis maihoda, ...) 

1. Analysis-related knowledge about data 

4. Date quality asssismanl (Idanllfy and Irsal missing data, l.a.« NULL value raprasantatlon. 
evaluate date validity alter data Interpolation, data transformation, etc., ...| 

N. Rosourc* Sharing environment lor Science Database* 

1. Data aachsnga protocol lo feclllut* date Ingestion and date vlsualltsllon 

2. Data eslrsctlon and starega *1 eatracisd data 

2. Tracking, logging, and synchronisation ol data access activities 


Figure I depicts today’s world al eclance data management. Thar* are many data format from the 
date suppliers in dillaranl scianca communlllsa. Thar* are many date conversion tools available 
lo convert from Ih* suppliers* formate lo lha data lermats desired by Ih* date consumers On* ol 
lha objective* of Ih* ongoing project Is lo build a rosourc# sharing environment depicted in figure 
2. A system, named OefsHub, will bo a server balwaan lha dale suppliers and lha data consumers 
lo lacllltela dal# eschangea, la assist aclsnca dala analysis, and to provide a systematic approach 
lor scianca dais management. 
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FIITUKE RESEARCH WORK PLAN 
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OBJECTIVE 


To research and develop a novel optical bifurcating neuromorphic 
pattern recognition syitem for making optical Jala array comparisons 
and to evaluate the use of the system for EOS data classification, 
reduction, analysis and other applications. 


IMPORTANCE OF THE WORK 

The bifurcating optical data and pattern recognition and classification system is bored on the 
theory of the nonlinear wave scattering and interaction in photorcfractive crystal* and the 
nonlinear neuromorphic interconnection and activation. Theoretical understanding **! the 
system is important to nonlinear science and icthnokvgy. 

The system combines advanced spatial light modulator technology with holographic and 
phatorefraciivc material and devices. These elements function together to allow massively 
parallel processing at the speed of light. Experimental results of the system can IcaJ to 
inventions important for technology breakthrough. 

! The multi-channel version of (he system allows the input of data simultaneously from many 

| different sensor sources and thus offers sensor analysis and fusion capability with high cap July 

and throughput. The system has important potential applications include parallel database 
■ search, image and signal understanding and analysis, natural language processing, in addition 

to real time multi-channel adaptive EOS data analysis. 
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IKCHNU’AI. AITKOAl II 


* Use free >pacc holographic interconnection anti optical parallel proccNMiig 
capabilities wiih mu lii -channel input capacity. 

* The multi -channel input U realisable by holographic optical clcnicnti(IIOB| ami 
hit’ll speed ii|Klatahlc Sill's. 

* Photorefractive crystals will be used (or the formation of the bifurcating deck ion 
making process. 

* Input data are applied via optical spatial light modulators into the optical system. 

* Output are naturally classified Into multiple channels of pairs of branches. 

* Separately controlled or integrated and organized decisions of the out information 
can be made based on the output. 


PROGRESS SUMMARY <Fy9l Accomplishments) 


(1) Completed a simplified model for (he dynamic beam fanning phenomenon via 
iiilutiiingcnc*iiii scattering centers in photorefractive crystals. 

(2) Developed collaborative analysis activities with JPL colleagues including J. Chimes. W. Tal. 
W. fang, and Prof. K. (Iwang of (JSC 

(J) Found interrelationship and areas of potential applications of the system tn data format 
standardization program of NASA. 

(4) Investigated basic neuroniurphic associative retrieval processing that include the Icrminnl 
attractor based llopfield model in the aspects of the data formal and optical implementation 
challenges. 


I 


PUOCHKSS SUMMARY (Fy9l Accomplishments | 
(Continued) 


(5) Investigated hardware issues Including key holographic optical elements and new 
elect! unready addressed spatial light modulators. 

(6) Recent theoretical and experimental results on the spatial and spectral effects on noise 
fanning for photorefractive bifurcating process was submitted for publication at the OS \ 
annual meeting in Nov.. 1991. 

hk. u* 

(7) Presented an Invited talk on nonlinear photorefractive optical processing at the Electrical 
Engineering Department of the Gty College of New York on June 24. |99|. lie also 
discussed the projects on tha new wavelet theory and iu optical Implementations with the 
researchers led by Prof. Y. U at CCNY. They explored the wavelet RADAR signal 
processing. The technique may be important to NASA's SET! program. 


PROGRESS SUMMARY <Fy91 Accomplishments) 
(Continued) 


(8) A II. S. patent No. 5.0(15,954 entitled "Method and Apparatus fur Second Rank IVomii 
Generalum" was received. This invention is useful lor the generation of neural net 
interconnection matrices in real time and is Important lor future optical computer networking 
applications. The photorefractive crystal used in the patent was the same as the one used in 
the current NASA RTOP work. The invention is useful to the current project. 


H- K. ttu 

(9) Attended the Gordon Research Conference in the week of June 16, 1991 at the Plymouth 
College, Plymouth, Nil. lie presented a talk on the topic ol self-amplification in optical 
pattern recognition. The talk was well-received by about 100 invited expcris in the field ol 
holography and information processing from various countries including Japan. France, Israel. 
Canada. German. USSR, China. Sweden, and USA. Many interesting and intpoiiuiti 
techniques were discussed in a very informal atmosphere. 


au 
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FUTURE RESEARCH WORK flAN (Fy92 Major Milestones) 


(!l f : .t|*‘riim*lil with the photwcfraclive crystals Including DallO, and KNhO, on Iheir 
i.ij«.il»iliiir* ol hi I mealing diffraction via flic studies of beam polarization, incidence angle of 
Hie input beam, crystal orientatioa, and spatial light modulator characteristics. 


(2| Investigate the analogy between the neuromorphic processing and the nonlinear dynamic 
wave coupling phenomenon in the photorcfraciive crystals for gaining a deeper understanding 
ol the fundamental building block of the system. 


Investigate the data formal requirement and the output utilization algorithm of a 
multichannel system for the preparation of the design of an application-oriented architecture 
design. 
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Prototype 

Investigate the issues and mechanics for possible Intergration of 
atmospheric data across scales and use ol modelling and 
observational data 

Divide and conquer 

Storm (supported by NCSA and NSF) 

Regional (supported by NASA) 

Global 

Ocean 


Computational Application Model 
Data Generation 
Observation 
Modelling 
Analysis 
Inspection 

Develop 

Integration ol successful prototype efforts Into a series ol robust 
applications 


o 
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Computational Research Environment 


Base criteria 
Interactive 
Visual 
Distributed 
Extensible 
Vendor supported 

Silicon Graphic's "Explorer” Software 
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COLORADO CSNTSn A5T7IOOYHAMICO nSSSAACH 
(ccAn> 

A RESEARCH CENTTR CF THE ENG**ERIN0 COLLEGE 
CF7FC 

UNIVERSITY OF COLORADO 
BCULDER COLORADO 

lorrrTFnMOQ^u 

TO DEVELOP A WOnUKaASS TEACHING ANO RESEARCH PROGRAM IH 
EARTH APPLICATIONS OF SATELLITE REMOTE SENSING; TO 
PARTICIPATE IN GLOBAL CHANCE ANO EARTH SYSTEM SCIENCE 
RESEARCH ANO TO TRAN MpN SCIENTISTS TO FURTHER WORK PI THESE 
RESEARCH AREAS. 

STAFF: 

5 FULL-TIME FACULTY 

2 RESEARCH FACULTY 

3 AOMINaTRATTVE ASSISTANTS 

3 PROGRAMMCRSRESEARCH ASSOCIATES 

45 GRADUATE ASSISTANT RESEARCHERS 
14 UNOERGRAOUATE ASSISTANTS 

RFSFARCH AREAS OF gjFHASS: 

SATELLITE MISSION ftANNMG ANO DESIGN *V, 

pREasiCNCRarrocTWuwAnoN J 

ANALYSIS OF SPACE DS«S - VMf 

SATELLITE SENSOR ALflORTO-W DEVELOPMENT , s . - 

SATQUTE DATA ANALYSIS ANO IMAGE DISPLAY X 

DEVELOPMENT OF SATUUTE DATA RECBVWQ SYSTB4S 


EOSOIS TESTBED: AN AVHRR DATA SYSTEM 
FOR SNOWPACK AND VEGETATION STUDIES 

BILL EMERY. JEFF DOZIER. ANO PAUL ROTAR 

OBJECTIVE: TO PROVIOE AN ENO-TO-ENO DATA SYSTEM 
FOR THE COLLECTION, PROCESSING ANO ANALYSIS OF 
AVHRR OATA FOR TWO SPECIFIC OWOPUNES 


i COLLECT ANO PROCESS AVWWWAGERY OF 7HB WESTERN U.S 

AT CU/CCAR 

Z STORE PROCESSED OATA AT NCAR ON MASS STORE 

X MAKE 0ATAAVA1UL81E TO RESEARCH USER COMMUNITY ON OR 
OFFLINE AS RECUIREO 

4 DEVELOP USER COMMUNITY INTERESTED M AVHRR 
APPLICATIONS in snow COVER ANO VEGETATION 

5. OEVELOP APPLICATIONS SOFTWARE ON MACS ANO UNIX FOR 
THIS USER COMMUNITY: DISTRIBUTE SOFTWARE TO USERS (I.E 
IMAGE PROCESSING. IMAGE NAVIGATION. IMAGE CALIBRATION. 
ETC.) 
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1 SHO: A gonario imaga procsssing program ih«i runs on SUN 
MOffcataikmi u nttor SUNTOOLS/SUNVIEW (also on 0 EC X JO) 









Wide Area Network Connections at NCAIt 
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AT/TEI1R1R ilmaigss ©m ILJm® @ 
MCAIR 


As of this date, there are 499 days of dau 
starting on March 3, 1989 — July 18. 1991. 
The first images consisted only of channels 
and 2. Now all channels are being archived. 


1 


Current Number Of Images 
Images on line: 1,200 - 
Size of Image: 1 Megabyte 
Storage Size: 1.2 Gbytes 

Monthly Number Of Images 

Images processed per month; 120/tnth 
Processed Data Size: 120 Megabytes/mth 


Daily Number Of Images 
Images Processed Per Day: 4/day 
Size of Image: 1 Megabyte 
Storage size: 4 Megabytes/day 
Channels 1. 2, 3, 4, S 

Image Projection 

Images at End Of Project: 4.200 

Image Storage Size: 4.2 Gbytes 
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SCIENTIFIC OBJECTIVES 


GEOGRAPHIC INFORMATION SYSTEM FOR FUSION 
AND ANALYSIS OF HIGH-RESOLUTION REMOTE 
SENSING AND GHOUND TRUTH DATA 

A. Fr*#m*n, J. Way and L. Norikana (JPL) 

F. Labafl (Vaxcal Corp.) 

F. Davis and Y. Wang (UCSQ) 


Confronted wtin the potentially mituvt volume* of data from remote 

sensing instruments and ground data collection lor inis sue. tne 

applications soenoai mignt as* me toUowmg questions: 

i) How do i marepuiate such a large data set? 

il) How do i assess its information content? 

ut) How do i find me optimum combinations of date to study 
change* in e given otogeopny steal parameter? 

hr)) How do I vteueitre me resuita? 

v) How do t vatfdefa my models relating totitu measurements to 
tne remotely sensed dau? 

vi) What sclent* 0c generadzatlona can be made from this study, 
even though mere »n onfy two case studies ? 

vd) What important (sauee emerge wfltcft would impact EOS 013 and 
Fores tr Natural Resources researcn witn highly multi- 
dimensional data? 

vtiT) To what extent do the 03 and Image Processing systems, both 
of wttica were dewgned to wont with scientific data ui raster 
format, and ami cn era essentially sute-of-me-art, snow 
significant weaknesses in handling large volumes of htgn- 
reeoiuttoA dau? This ta a practical issue of greet importance to 
me remote sensing community. 
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Teak Completion Gate 

install VlCAAUttS on SPARCs Workstation (JPL): Ml 


Identify SEA3AT. LAMOSAT Spot scenes (JPL) Ml 

3AH data Qeo c oolng (Veacet. JPL) 10/91 

Generate simuutad radar dau for models (UC28) Ml 

Oau Entry into G1S Database (JPL) 

SARdau 10/91 

Oau from outer sensors 9/91 

Ground Tram Data iQ/91 

Simulated Radar dau ii/9< 

Integration of CIS and Spe cialize d Image Processing S/W (JPL 
VEX CEL) 

Identify required S/W Mi 

Install on SPARCs 5/91 

Set uo GO end Image Processing S/W 
Interface Mi 

integrau 7/91 

Development of New Algorithms (JPLUCS8) 

Distance Ueeaures 6/9 1 

yuid-dimenstonal Class ification Algorithms ? 
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• STATUS OP UNUC VICAR/1813 S/W: 
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• CURRENTLY HAVE AS VICAR APPLICATIONS PROGRAMS 
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• ft OF THEM ARE IBIS ROUTINES (NEED -30 HUS ROUTINES 
IN TOTAL) 

• CURRENT CAPABILITIES: 

• CAN REAORAOAR IMAGE DATA INTO THE VICAR 
FORMAT 

• CAN SET UP - IMAGE FILES (RASTER) 

- GRAPHICS FILES (VECTOR) 

- I/FRLE3 (TABULAR) 

. PERFORM IMAGE ROTATION, STRETCHING 
. IMAGE RUB8ER-SHEET1NQ (FOR REGISTRATION) 
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IMAGE FILES 
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GEOGRAPHIC INFORMATION SYSTEM 
• DATA PREPARATION 

. CASE STUDY t: BONANZA CREEK EXP.7AL FOREST, AK 

• 2 SEA3AT IMAGES 

• 2 SPOT IMAGES 

• 10 AIR3AR FRAMES (m» 50 IMAGES) 

• 1 DIGITAL ELEVATION MOOEL (USDS) 

• GROUND TRUTH SURVEY DATA 

• AERtAL PHOTOS 

• FURTHER AIRSAA DATA (5/91). GROUND TRUTH 
DATA AND ERS-1 SAR DATA WILL BE RECEIVED IN 
NEAR FUTURE 

• CASS STUDY b BEUZE RAM FOREST 

• • AIRSAA FRAMES <>-»4S IMAGES) 

• AVIR1S DATA 

• SOME GROUND TRUTH DATA 
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. UCSB RADAR MOOEL 

• UCSB RADAR UOO£L(S) ARE INSTALLED ON THE SPAAC3 
STATION AT JPL 

• MODELS WERE DEVELOPED FOR STUDIES OF UT. SHASTA 
FORESTS 

. CURRENT EFFORTS ARE FOCUSSED ON: 

« ENSURING THAT THE CONTINUOUS AND DISCRETE 
FOREST CANOPY MODELS AGREE IN THE LIMIT 

• ADAPTING THE MODEL FOR THE TYPE OF TREES 
FOUND IN ALASKA 

• GENERATING SIMULATED RADAR MEASUREMENTS 
FROM BONANZA CREEK GROUNO TRUTH DATA 

• SIMULATED RADAR MEASUREMENTS FROM THE MODEL 
WILL BE USED TO FILL POLYGONS IN THE CIS TO 
GENERATE SIMULATED IMAGES 
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CLASSIFICATION ALGORITHMS (FOR RADAR DATA) 

• FIRST STEP IS TUB REDUCTION OF POLAR1METRIC RADAR 
IMAGE DATA TO FIVE BASIC QUAMTTTJES FOR EACH 
FREQUENCY (HH, HV. VV, ARG<HHVV) AND |HHVVU 

• THIS GIVES IS 'CHANNELS' FOR EACH RADAR IMAGE SET 

• THEN USE LINEAR DISCRIMINANT ANALYSIS TO COME UP 
WfTH A SUPERVISED CLASSIFICATION OF THE IMAGE 

. APPROACH WAS TESTED ON AN AlRSAR IMAGE OF AN 
AGRICULTURAL TEST SITE IN THE NETHERLANDS WITH IS 
DIFFERENT CLASSES OF TARGET 


. VISUALIZATION S/W AND ANALYSIS TOOLS 

. PVWAVE a INSTALLED ON THE SPARCS STATION 
(GRAPHICS. RGB, PERSPECTIVES, ETC) 

. NO Vf WITH VICAR YET 

. POLTOOL S/W • FOR PQLARXMETRIC RADAR DATA 
ANALYSIS HAS BEEN INSTALLED. ALLOWS PLOTS OF 
POLARIZATION SIGNATURES, SYNTHESIZED IMAGES OF 
ARBITRARY POLARIZATIONS 
. NO YF WITH VICAR YET 

. UGHT TABLE* 3/W DEVELOPED BY V EXCEL • ALLOWS 
USER TO -ROAM* THROUGH LARGE IMAGES USING MOUSE 
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PROJECT SUMMARY 


The objective of this work is to illustrate the concept of incremental access to distributed databases. 
An experimental database management system, ADMS, which has been developed at the University of 
Maryland, in College Park, uses VIEWCACHE, a novel database access method based on incremental 
search. VIEWCACHE is a pointer-based access method that provides a uniform interface for accessing 
distributed databases and catalogues. The compactness of the pointer structures formed during database 
browsing and the incremental access method allow the user to search and do inter-database cross- 
referencing with no a ctual data movement between database sites. Once the search is complete, the set of 
collected pointers pointing to the desired data are dereferenced. 

One of the most attractive features of VIEWCACHE is its versatility in providing External Multi 
Gateway Access to commercial database servers, such as INGRES, ORACLE, and SYBASE, supporting 
existing and independently maintained databases. We have designed and implemented a Client-Server 
Database Management Sys tem Architecture which utilizes powerful workstations for managing inter- 
database queries and cached data. The workstation environment provides the "glue" for interoperating 
otherwise foreign environments. Gateway database access methods are enhanced by the incremental 
techniques of VIEWCACHE for caching local subsets of useful data. 

VIEWCACHE is especially suited for distributed scientific databases maintained on commercial 
da raHasg systems. Scientist, who search such large catalogued databases, cannot write complete queries 
because search is defined during browsing. Current computer and database technology allows a user only 
to browse a single database at a time. It is, however, extremely useful to be able to browse and correlate 
data sets from multiple (I212 servers. During browsing, there is no need to move data from one database 
to the next to compare and do cross-referencing; instead, VIEWCACHE creates a working set of pointers 
to the data sets or records that are candidates for the final retrieval. The working set is continuously 
refined until the user finds the exact data sets he needs. Furthermore, VIEWCACHE allows the creation 
of m ixe d breed views from several data sets and caching of them onto the users workstations. Such new 
data sets provide value added to the exiting data. 

Another feature that ADMS supports is spatial search on image data sets. This capability is not 
offered by commercial DBMS but it was absolutely necessary for searching for objects in a giver "view 
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field." Spadal search is based on R+-trees, an established access method. The indexing technique we are 
planning to support, provides for very efficient search over large databases of spatial objects. 

The concept of VIEWCACHE has been demonstrated with the various traditional database bench- 
marks (like the Wisconsin benchmark); we propose to investigate and develop extensions to ADMS to 
make our system suitable for accessing very large space data sets, dearly, NASA’s huge numbers of dis- 
tributed data sets collected from space and ground stations cannot be supported by existing distributed 
ranimCT c ia i distributed database systems because they require unnecessary and bulky data movements. 
VIEWCACHE, on the other hand, provides an inexpensive processing without interrupting the indepen- 
dence of existing and autonomous databases. 



TECHNICAL OBJECTIVES 


Our objective is to illustrate the potential of the incremental access of VIEWCACHE in a real 
NASA environment of distributed databases, in particular on a collection of Astrophysics databases. The 
compactness of the VIEWCACHE pointer structures formed during database browsing and the incremen- 
tal access method allow the user to search and do inter-database cross-referencing with no actual data 
movement between database sites. Once the search is complete, the set of collected pointers pointing to 
the desired data are cached. This will provide a uniform user interface to a large number of databases 
lining the VIEWCACHE concept, and the Client-Server Architecture. We will also examine ways to 
interface VIEWCACHE with the DAVID system and its library-based access methods for providing 
access to Heterogeneous and Distributed Databases. 

In more detail, the following technical objectives will be sought during the next three years: 

(1) An extension of the physical pointer structure of VTEWCACH to a logical one. This will permit 
VIEWCACHE to do inter-machine pointer referencing across a communication network (Local or 
Wide Area Networks). Access of heterogeneous DBMSs will be done by gateway software based 
on the SQL language. 

(2) Investigate features and characteristics of various Client-Server DBMS architectures and measure 
their performance under a wide variety of key parameters, including speed of the storage media, 
speed of the CPUs, network transfer rates. 

(3) Incorporate a spatial access methods and accordingly extend the SQL query language to include 
spatial search and operators which deal with imagery databases. 

(4) Design and develop a user interface and the appropriate tools to facilitate handling and distribution 
of data sets and documents. The Astrophysics environment will be the first to target this interface. 
Other environments will also be investigated and appropriate tailoring of the interface will be 
attempted. 

(5) Investigate ways to interface VIEWCACHE with DAVID, the Distributed Heterogeneous Database 
System developed at Goddard. 

Work on this projects has already started on the items 1, 2, and 3 from above. We have been experi- 
menting with Oracle DBMS on the subject of logical pointers. We have also developed simulation 
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packages for evaluating alternative Client-Server Architectures for DBMSs. Experiments are currently 
being contucted with very large simulation runs. 
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STATUS RE FOR' 


SPATIAL ANALYSIS AND MODELING SYSTEM (SAMS) 

P.I. - Charles Vermillion, GSFC, Code 970.1 
Co. I. - Fran Stetina, GSFC, Code 970.1 

- Paul Chan, Science Systems & Applications, Inc. 

- John Hill, Houston Advanced Research Center 

The objective of this project is to develop a uniform 
environmental data gathering and distribution system to support 

a) emergency management for environmental disasters, and b) the 
calibration and validation of remotely sensed data. Initial 
activities will be to select a data test site and to demonstrate 
multi-discipline applications using simulated or satellite data 
in a non real-time mode. 

The investigators have arranged collaboration with the CERL 
Laboratory of the Corps of Engineer (COE) in integrating ’’its 
Geographic Information System (GIS) , the Geographic Resources 
Analysis Support System (GRASS), into SAMS. CERL will also 
provide hydrological models (HEC— I and II) to be integrated into 
SAMS. The collaboration with the Federal Emergency Management 
Agency (FEMA) will allow this project to tap into FEMA's 
resources in GIS and emergency management tools. 

We choose to use rainfall and flooding as the testbeds for 
the SAMS concept because of the abundance of data and the 
availability of models. We will integrate into SAMS (in a UNIX, 
GRASS and X-Windows environment) capability to display and 
process GOES data and analyze GOES generated rain- rate maps. 
GRASS is compatible with the majority of the data to be input to 
the selected hydrologic model (i.e. topography, land-use, soils, 
rainfall, stream gauge, etc.). The choice of the data test site 
has been narrowed down to West Virginia or Galveston, Tx, based 
on the availability of test data. 

The expected results in six months are: 

a) Design concept of SAMS, 

b) Demonstration of a pilot module, and 

c) Project implementation plan based on the pilot demonstration. 



THIS PAGE LEFT INTENTIONALLY BLANK 



93-29240 


' PRINCIPAL INVESTIGATORS PRESENTATIONS 


INTRODUCTION TO CADET 
CENTER FOR ADVANCED DATA 
EVALUATION TECHNOLOGY 


Cathy Schulbach/P.L 
NASA Ames Research Center 
Moffet Field, CA 

C. Jorgensen/Co.I. 


PRECEDING PAGE BLANK NOT FILMED 




APPLIED INFORMATIONS SYSTEMS 
RESEARCH WORKSHOP 


NOTES: 


THIS PAGE LEFT INTENTIONALLY BLANK 



PRECEDING PAGE BLANK NOT F!LME 


o 




D 

I 

VO 




D-96 


« 


f ) 


• The “BRUTE FORCE“melhod ol trying to collect, save, and 
analyze “everything** Is Intractable and may not produce 
the best science. 

• Smarter and more automated approaches are required. 


I j\t/\SA WormnlonSclincM I 

\ U ' a *' CADET Dtwlalon J 

\ cxa mvti m 



^ GOAL | 


( 1 


• DEVELOP AND DEMONSTRATE IMPROVED METHODS OF 
HANDLING LARGE SCIENTIFIC DATA FLOWS RESULTING 
FROM CURRENT AND PLANNEO NASA MISSIONS. 

• Real-lime 

• On-board 


NASA 

Arne* Hetearch Center 


CADET 


Inlormailoit Sckncat 
Division 

CMS MH I pi 


• Integrate existing work In neural networks, photonics, 
parallel procaaslng, and dependable systema. 

• Develop, test, and evaluate new concepts (or 
model-capturing and novelty detection mechanisms (e g. 
neural net learning). 

• Implement advanced data analysis technology using 
advanced processors (e.g. optical processors, IWARP, 
ES-KIT). 


NASA 

Mmi lUMMCk C**W4f 


CADET 


Inlormillon Selene#* 
Division 
Cut nsil** 
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APPROACH 


ELEMENTS OF THE MODELLING PROCESS 


\ 


• Focus on common problems ol Importance to major NASA 
missions (e.g. MTPE, MFPE). 

• Demonstrate technology advancements first with 
ground-based systems and then move to on-board, 
real time platforms. 

• Capitalize on existing capabilities and programs: Ames 
Advanced Data Systems and Software Test Facility 
{includes DARPA testbed) and the High Performance 
Computing and Communication Program. 

• Coordinate with NASA and non-NASA agencies. 
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CADET 


Information Sclancaa 

Division 

cxir/a*tiM 


• Developing a model from data 

numerical analysis 
Bayesian estimation 
neural network learning 

• Applying a model 

expectations vs. observatlons-predlcUon 
novelty detectlon~A, change 

• Developing algorithms t 

mapping to computer architectures 
optimizing performance 
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r KEY CADET FOCUS: 

Translating Data Into Usable Form 
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FUTURE MILESTONES 



FY92 

• Use the Failure Environment Analysis Tool (FEAT) to 
model a sensor system. 

• Demonstrate the U9e of sensor overlays to display earth 
science data. 

• Demonstrate the ability of a neural network front end to 
automatically capture underlying regularities In a 
real-world sample of spectrographlc sensor data. 

FY93 

• Develop parallel code Implementing a novelty filler to 
redirect a data recording device to dynamically respond to 
changes In measured, earth science phenomena. 

FY94 

• Validate the above concepts on the Ames Advanced Data 
Systems and Software Test Facility. 
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CADET 


Infoimsdon Sciences 
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FLIGHT PROJECTS OFFICE 
INFORMATION SYSTEMS TESTBED 

(FIST) 


PatriciaLiggett 
Jet Propulsion Laboratory 
Pasadena, CA 
(818) 357-4619 
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Flight Projects Office 
Information Systems Testbed 
. (FIST) 

P. Uggetl 


-Goalr=^= 


I o perform technology ovalualion and 
piololyping of information syslems lo 
support SFOC and JPL flight projects In 
order to reduce risk In the development of 
operational data systems for such projects. 


m 
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- Goal jpl _ 

■ FlST reduces risk by providing support for: 

• Requirements Clarification 

■ Design Validation 

■ Design Evolution 





m 


Criteria 

H Applied research and dcvclopmenl using 
commercially available products and 
systems. 

n Results o! prototypes and evaluations are 
icpmted 111 the FIST Quarterly Report and 
presented during demonstrations. 

N Fist guidelines are provided by SFOC 
compatibility requirements. 


-.Quarterly Reports 


n Fist Quarterly and SFOC Prototype Interim 
Reports are available through: 

FPSO Library 
Mail Stop T- 1 607 
Jet Propulsion Laboratory 
'1000 Oak Grove Drive 
Pasadena, California 91109 
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■ SERVER/CLIENT MODEL 

■ Limited and Well Delined 

Inierdependance 

■ Loosely Coupled 

■ Services Provided lo Requesting Client 

■ Role Reversal 

lOJttl 
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Feed Forward 



Feed Backward 
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